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Preface 


Aquaculture in the northern hemi- 
sphere has been increasing at a rapid 
pace. This is evident from the increas- 
ing tonnage of fish produced, the cul- 
ture of additional species, and the de- 
velopment of new techniques to culture 
aquatic animals. Worldwide, aquacul- 
tural production is now approaching 10 
percent of the total fishery products 
harvested by all methods. Concomi- 
tantly in the United States, people in the 
aquaculture industry began to recog- 
nize that they were sharing the same 
problems as those people in intensive 
agriculture, and disease is a particularly 
important problem of common interest. 
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In 1975, Norden Laboratories of 
Lincoln, Neb., sponsored a unique and 
wide-ranging symposium. Its purpose 
was to share scientific and technical 
knowledge in controlling diseases of 
cultured aquatic animals. However, 
rather than bringing together a conclave 
of people solely interested in fisheries, 
Norden included veterinarians, chem- 
ists, and technologists involved in vet- 
erinary medicine, and government sci- 
entists and administrators concerned 
with the control of biologics, phar- 
maceuticals, and chemotherapeutic 
agents in agriculture. The papers which 
follow were among those presented at 
the symposium, and were selected for 
Marine Fisheries Review strictly on the 
basis of their application to aquacul- 
ture. 

The editors are grateful to Pat Pike of 
Norden Laboratories for the time and 


effort she spent after the symposium, in 
the initial phases of working with the 
authors of these papers to get them 
ready for publication. 

Thanks are also due to the authors for 
their loyalty and patience while we 
gathered the fruits of their labor for 
publication in this journal. The work 
carried out by Carol Oswald and Steve 
Jensen of the graphics group of the 
NMFS Northwest and Alaska Fisheries 
Center, in clarifying some of the graphs 
and figures is gratefully acknowledged. 
The final reading of the papers by Lee 
W. Harrell was a big help. Lastly, rec- 
ognition is given to Norden Labora- 
tories for sponsoring and hosting the 
symposium. 


Anthony J. Novotny 
M. Michael Sigel 
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Immunity and Practical 
Vaccine Development 


ALBERT L. BROWN 


ABSTRACT — The practical aspects of veterinary vaccine development and 
how vaccines may be designed better to protect animals against disease are 
reviewed. It is emphasized that vaccine development must be directed toward 
producing the type of immune response required to protect against a particular 
disease. In attempting to protect fish through vaccination, there are new oppor- 
tunities and problems to be considered: The temperature dependent immune 
response, isolation problems, importance of group immunization VS individual 
protection, and the concept of breeding fish capable of producing a superior 


immune response. 


The work done by research and de- 
velopment groups in commercial or- 
ganizations that prepare vaccines has 
much in common with the work done 
by laboratories of government and 
academic institutions in that some of 
their activities might be considered 
basic science. The scientific personnel 
of these commercial organizations are 
working at about the same level of 
competence as their colleagues in vet- 
erinary schools and the veterinary sci- 
ence departments. While vaccine de- 
velopment may not be a science, it is 
certainly sophisticated technology. The 
day is long past when it was possible to 
throw together the ingredients for a 
vaccine, test it in a few animals, dem- 
onstrate some level of protection, and 
call the result a vaccine. The public’s 
expectations of effectiveness have in- 
creased; these expectations are rein- 
forced and strengthened by appropriate 
government regulations. Although the 
public’s expectations may be exces- 
sive, there is absolutely no question that 


Albert L. Brown is with Norden 
Laboratories, Lincoln, NE 685071. 


vaccines today are much better than 
they were in 1950. 


TYPES OF VACCINES 


Basically, we might say that there are 
five kinds of veterinary vaccines: 1) In- 
activated bacterial vaccines (referred to 
as bacterins); 2) modified live bacterial 
vaccines; 3) toxoids; 4) inactivated 
viral vaccines; and 5) modified live 
viral vaccines. 

There are also vaccines against 
species of ricksettsia, coccidia, 
hookworms, and other agents. Some 
antiserum is still used. In the past, 
combinations of virulent virus and anti- 
serum were used for some diseases, but 
this practice has been discontinued. 


TYPES OF IMMUNITY 


In birds and mammals, the immune 
system may be conveniently divided 
into two components: Humoral immu- 
nity and cell mediated immunity. These 
two components serve to supplement 
each other and appear to naturally regu- 
late each other. Humoral immunity in- 
volves a synthesis and release of free 


antibody into the blood and other body 
fluids. Antibody acts by direct combi- 
nation with the antigen. Humoral 
immunity is most effective in neutraliz- 
ing toxins and by coating bacteria to 
enhance their phagocytosis. It also 
plays a part in neutralizing certain vi- 
ruses. Cell mediated immunity involves 
a production of specifically sensitized 
cells and is expressed by such reactions 
as rejection of skin transplants, delayed 
type hypersensitivity, and the destruc- 
tion of cells infected with viruses or 
bacteria. Cell mediated immunity is 
considered to be the body’s primary 
response against cells such as cancer 
cells. 


INACTIVATED VERSUS 
LIVE VACCINES 


Before developing a vaccine, a 
clear-cut idea of the type of protection 
that is needed is helpful. If the disease is 
caused by a toxin, inoculation of toxoid 
or adjuvanted toxoid to stimulate hu- 
moral immunity is the route to follow. 
In this case fractionation and purifica- 
tion of bacterial antigens are in- 
appropriate. If the disease is caused by 
a virus, inoculation of modified live 
virus which serves to stimulate both 
humoral and cell mediated immunity is 
probably the route to follow. Vaccines 
which have generally been most satis- 
factory fall into the two mentioned 
categories. There are exceptions but 
generally speaking, long-lasting and 
strong immunity has not been the strong 
point of inactivated bacterial vaccines 
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and inactivated viral vaccines. Vet- 
erinarians and physicians indicate their 
preference for modified live virus vac- 
cines when they have a choice. Prop- 
erly researched and prepared, I believe 
in modified live virus vaccines—there 
is less chance of the modified virus re- 
verting to virulence by mutation than 
there is for inactivated viral vaccines to 
contain virulent virus because of failure 
to be fully inactivated. There have been 
some widely publicized examples of 
so-called inactivated viral vaccines 
which have not been inactivated. As 
capable a scientist as Jonas Salk failed 
to recognize all of the parameters in- 
volved in the inactivation of polio- 
myelitis virus. After the tragic results 
from use of improperly inactivated 
commercial vaccine, the entire proce- 
dure was reexamined by Sven Gard. He 
found that too rapid inactivation with 
formaldehyde served to denature the 
viral capsid protein. By not allowing 
the proper concentration of formal- 
dehyde to enter into the interior of the 
virus, the viral nucleic acid was not 
inactivated. At this microlocation, the 


predetermined inactivation curve did 
not apply. 


DEVELOPING AN INACTIVATED 
BACTERIAL VACCINE 


We have much to consider when we 
start to develop a vaccine. I will present 
some of the points to be considered in 
developing an inactivated bacterial 
vaccine. 

What is the etiological agent? 

Which bacteria are important in the 
disease under study and how many 
strains are there? Is this a disease situa- 
tion where four or five different strains 
are required for coverage or only one? 
Once identified it becomes necessary to 
select antigenic strains. 

A production method retaining anti- 
genicity must be developed. 

A growth cycle has to be developed. 
This involves determining the time, the 
temperature, the culture medium, the 
oxygen content, whether a fermentor is 
feasible, and how the culture will be 
stored. 

A method of inactivation has to be 
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developed, but not overinactivation to 
destroy the antigen. It must be deter- 
mined whether inactivation is going to 
be a chemical procedure or a physical 
procedure. Often it will be a combina- 
tion of both. 

It must be determined if there will be 
a fractionation or concentration proce- 
dure and how to accomplish it. 

It must be determined if an adjuvant 
is useful. 

Control procedures to measure po- 
tency have to be developed. 

At this point it is necessary to have 
the usual control procedures for safety, 
purity, and sterility involving in vitro 
and host animal and laboratory animal 
inoculation. 

The best route of inoculation has to 
be determined. Not all routes of inocu- 
lation are equally effective for all vac- 
cines. 

Dosage has to be determined, not 
only the number of milliliters to be in- 
oculated, but how much antigen per 
milliliter. 

The number of doses required to 
stimulate what degree of immunity 
must be determined. Can effective 
immunization be achieved with one 
dose or will it take two doses, or three 
doses, and how are they to be spaced? 

It is necessary to determine how 
rapidly it will be possible to develop 
immunity, the duration of immunity, 
the revaccination schedule, when that is 
going to be, a year following, two years 
following, and how often. More vacci- 
nation is not necessarily better. 

Each inoculation is a medical proce- 
dure and not entirely free from risk. 
There are side reactions following vac- 
cination. The dangers of hypersensi- 
tivity must be considered. 

The practical considerations of pro- 
duction are necessary, such as: Single 
dose or multiple dose packaging; how 
the product should be protected against 
contamination from misuse; uniformity 
in appearance and packaging; ease of 
administration; respectable shelf life 
with retained potency; quality of bot- 
tles, stoppers, and seals; and documen- 
tation and support by host animal 
efficacy studies, and field trials, to un- 
cover the unexpected. 


DEVELOPING MODIFIED 
LIVE BACTERIAL VACCINES 


Most of the same things have to be 
considered for developing modified 
live bacterial vaccines as for inactivated 
bacterial vaccines and, in addition, 
there are some other points to consider. 
Of foremost importance is the degree of 
attenuation required to achieve a bal- 
ance between effectiveness and safety. 
We must be able to modify the bacteria 
so it will have no ability to produce 
disease nor tend toward reversion. 
Modified live bacterial vaccines are 
generally standardized by count. What 
that count will have to be has to be 
determined. The vaccine will probably 
have to be lyophilized to achieve useful 
shelf life, that is, vacuum dried from 
the frozen state. A stabilizer will have 
to be developed. 


DEVELOPING VIRAL 
VACCINES 


For viral vaccines, we have still fur- 
ther complications. The substrate on 
which the virus is grown is equally as 
important as the virus itself. Viruses 
only grow in living cells and if molecu- 
lar biology has anything to teach us, it is 
that a virus-infected cell is a new 
biological entity different from the cell 
you started with and different from the 
virus. Originally, viral vaccines were 
produced from tissues or blood of in- 
fected animals. Normal, healthy ani- 
mals were inoculated with virus. When 
they became sick, the tissues were re- 
moved, ground up, and inactivated. 
This was considered to be a virus vac- 
cine. This was followed by the use of 
embryonated eggs—substituting them 
for animals. Following the discovery 
that low levels of antibiotics would con- 
trol contamination in tissue culture, tis- 
sue culture gradually became the 
method of choice. 

Originally, there was a great deal of 
difficulty in producing sterile and pure 
viral vaccines. This was because of la- 
tent infections in the cells as well as 
contamination being introduced in the 
process. While sterility and purity are 
not necessarily a problem with inacti- 
vated vaccines, it is a problem with 
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Figure 1.—Comparison of two procedures for obtaining virus for vaccine production. 


modified live virus vaccines. Along 
with the attenuated virus, almost any 
other virus might be found in the tissues 
of the host being used as a source of 
cells. Examples of this may be found 
with all types of viral propagation. It is 
instructive that originally, the inacti- 
vated polio vaccine was contaminated 
with SV-40 virus. The SV-40 virus is 
found widely in stocks of rhesus mon- 
keys and is latent in their kidney cells. 
How do you look for something that 
you do not even know about? Nobody 
looked for SV-40 virus in the earliest 
days of polio vaccine production. 
Furthermore, it was more difficult to 
inactivate than was poliomyelitis virus 
and consequently, some live SV-40 
was inadvertently introduced into many 
lots of vaccine used to inoculate people. 
Sometime later it was discovered that 
SV-40 virus was capable of transform- 
ing human cells in tissue culture. So 
far, there is no evidence SV-40 virus 
has ever produced any transformations 
in people. Contamination of viral vac- 
cine is not just peculiar to tissue culture. 
It is something that has been with us a 
long time. For example, the last foot 
and mouth disease outbreak in the Unit- 
ed States was traced to importation of 
smallpox vaccine, which was used to 
inoculate a farmer, the farmer spread it 
to his calves. The calves used to pro- 
duce the smallpox vaccine must have 
had foot and mouth disease. 


STABLE CELL 
LINE DEVELOPMENT 

It has become customary in the last 
few years to use pretested cells for tis- 
sue culture vaccine production. The 
checking of these cells is just about as 
complex as the development of a bacte- 
rial vaccine. I feel the best procedure is 
to use a stable cell line. By this proce- 
dure, it is possible to work with essen- 
tially the same cells over a long period 
of time. These cells are preserved by 
freezing away a master seed stock. 
Cells may be recovered from this 
source and used for many years to grow 
up cells for vaccine production. Figure 
1 illustrates this point. From the begin- 
ning of virus vaccine production it has 
been customary to use a standard seed 
virus. There is no problem in maintain- 
ing such constants as time, tempera- 
ture, and culture medium. The problem 
has been the inability to guarantee a 
good source of primary cells, whether 
we worked from animals, embryonated 
eggs, or primary tissue cultures. When 
unchecked cells are used as the source 
of virus, vaccine is going to vary from 
serial to serial. This whole situation can 
be greatly improved by using an estab- 
lished cell line. By adding an estab- 
lished cell line into the equation it is 
possible to produce virus for vaccine 
production which is quantitatively and 
qualitatively uniform from serial to se- 
rial. 


The cells of an established cell line 
are all genetically related. Within the 
limits of biological variation, they all 
have the same biochemical characteris- 
tics, the same ability to absorb virus, 
the same response to the virus, and will 
produce virus quantitatively and qual- 
itatively equal each time the procedure 
is followed in detail. 

These details seem to be involved 
and complicated, but someplace in any 
vaccine development program they 
must be considered. 


DEVELOPING FISH VACCINES 


Temperature Dependent 
Immune Response 


The immune response in fish is 
temperature dependent. This is a new 
complication. Generally speaking, 
mammals and birds all have a uniform 
body temperature. The safety of at- 
tenuated products has to be considered 
in terms of this temperature depen- 
dence. 


Isolation Problems 


Another problem I foresee in work- 
ing with fish vaccines is the lack of 
isolation with animals living in water. 
With land animals we are not too con- 
cerned with spreading virus. Fresh air 
provides a big dilution factor. At Pir- 
bright, England, where foot and mouth 
disease is studied, it is documented that 
virus escaped and was airborn to 
another place miles away but this is the 
exception. Fish are more intimately in- 
volved with their environment than 
land animals. Water can provide a 
medium for parasites and diseases that 
can spread to other species through very 
complex biological cycles. 


Group (Not Individual) 
Vaccination Needed 


In vaccinating dogs, it is necessary to 
protect every dog, or almost every dog, 
that is brought into the veterinarian’s 
office. We have to be able to do this 
without regard to breed, age, sex, the 
health of the dog, and in spite of inter- 
current infections, various medications 
and general husbandry. Some dogs, of 
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course, are unable to respond. Each dog 
is treated as an individual. Everyone 
expects 100 percent success. There are 
techniques and information which 
would permit dog breeders to breed 
dogs for resistance to canine distemper 
or away from the tendency to contract 
hepatitis, but these are problems on 
which dog breeders prefer not to work. 
Dog breeders are interested in confor- 
mation, temperament, hip dysplasia, 
trainability, and hunting instinct. They 
have a whole host of things to worry 
about other than immunization. The 
manufacturers of veterinary biologics 
are taking care of that for them. 

With cattle we tend to consider them 
more in groups. There is still a great 
diversity in their backgrounds and it is 
expected vaccination will protect 
nearly 100 percent of the cattle. Al- 
though we suspect not all breeds of cat- 
tle immunize equally well, nobody is 
worried about breeding cattle for ability 
to immunize. In fact, some of our prac- 
tices may actually work against selec- 
tion of cattle able to produce a good 
immune response. However, people 
generally are concerned about cattle as 
individuals and expect to have a high 
degree of success. Nobody seems to 
worry about chickens as individuals. I 
see fish as being some place between 
poultry and field crops as far as being 
recognized as individuals. What we are 
concerned about in fish vaccination is 
the final result. Accordingly, I do not 
believe it should be necessary to protect 
virtually every individual providing the 
end result will produce a profit for the 
fish farmer. This is successful farming. 


New Concept for 
Successful Fish Immunization 


I can foresee with fish culture that if it 
is necessary to protect just any fish re- 
gardless of how they are raised or han- 
dled it is going to be a difficult situation. 
There are things in fish culture that can 
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Figure 2.—Comparison of two procedures for immunization of fish. 


be controlled, such as: The date of fer- 
tilization; physiological age; conditions 
of nutrition and environment; and gene- 
tics. If vaccine is to be administered in 
the water, the water can be adjusted for 
the chemical composition, tempera- 
ture, and pH. It is possible to obtain 
many fish from one mating and I think 
the genetics of fish could be something 
that should be studied. It would be in- 
teresting to combine genetics with im- 
munization and produce strains of fish 
which will produce a good immune re- 
sponse. We could either develop vac- 
cines for the fish or the fish for the 
vaccine. Figure 2 shows how this fits 
into a scheme for obtaining more un- 
iform response. By substituting stan- 


dard vaccines for standard seed virus 
and substituting genetically selected 
fish for the stable cell line, it might be 
possible to move the concept of un- 
iformly successful immunization one 
step further. 


CONCLUSION 


I would like to point out that re- 
searchers in commercial organizations 
preparing vaccines have a certain ex- 
pertise and the aquatic scientists at this 
meeting have another. Perhaps, by 
pooling our scientific information and 
technology we might be able to pro- 
gress more rapidly in the development 
of vaccines for fish. 


MFR Paper 1286. From Marine Fisheries Review, Vol. 40, No. 3, March 1978. 
Copies of this paper, in limited numbers, are available from D822, User Ser- 
vices Branch, Environmental Science Information Center, NOAA, Rockville, 
MD 20852. Copies of Marine Fisheries Review are available from the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, DC 


20402 for $1.10 each. 





MFR PAPER 1287 


Cellular Immunity in Fish as Measured 
by Lymphocyte Stimulation 


M. MICHAEL SIGEL, JOHN C. LEE, E. CHURCHILL McKINNEY, 


and DIANA M. LOPEZ 


ABSTRACT—Fish are capable of responding to a variety of antigens. In many 
instances the primary response has attributes similar to those of mammals or birds, 
but in other ways the immunologic responses of fish stand apart, e.g., fish produce 
only one major class of immunoglobulin (lgM). Fish appear to handle all antigens as 
if they were thymus-independent. Some species have a faulty or nonexistent 
immunologic memory. Although fish lymphocytes perform certain functions 
characteristic of T or B cells of mammals, there is no clear-cut evidence that these 
are performed by specialized lymphocytes as opposed to lymphocytes with multi- 
ple functions. Several factors appear to be capable of regulating immune re- 
sponse. These include the IgM natural antibodies (some of which have nonspecific 
immunologic reactivity), immune complexes, and suppressor cells. All of these 
may combine to suppress certain responses. It therefore behooves the profession 
to undertake more extensive and intensive studies in fish immunology if the profes- 
sion is to develop a better understanding of optimal modes and conditions for 


achieving protective immunity in fish. 


Improvements and refinements in 
methodologies of tissue culture, im- 
munology, virology, and bacteriology 
have made possible the attainment of 
new knowledge regarding the diseases 
of fish. A deeper appreciation of the 
factors contributing to the health of 
these poikilothermic animals has come 
from immunological studies. More re- 
cently, various parameters of cell- 
mediated immunity have come under 
scrutiny. It has been known for some 
time, and confirmed in our laboratory, 
that bony fishes are capable of rejecting 
allografts (Hildemann, 1957; Hil- 
demann and Haas, 1960; Hildemann 
and Cooper, 1963). The rejection pro- 
cess in these animals is fairly acute. A 
more chronic process occurs in the 
shark (Hildemann, 1970). Allograft re- 
jection in higher forms is mediated by 


lymphocytes activated by histocom- 
patibility antigens which can be de- 
monstrated in vitro by the blastogenic 
reaction. This is a complex reaction 
which is manifested in a variety of 
ways — increased permeability of 
lymphocyte membranes and elevation 
of the rate of synthesis of protein, 
RNA, and DNA. The biochemical 
changes are accompanied by an en- 
largement of cells whereby the lym- 
phocytes revert to lymphoblasts, which 
can then reproduce by mitosis. 

All these changes can be measured 
by biochemical or morphological 
methods, and the most commonly 
employed method measures DNA 
synthesis (incorporation of radioactive 
thymidine into DNA). Blastogenic 
transformation reactions occur as a re- 
sult of activation of lymphocytes by 


histocompatibility antigens (antigens 
involved in graft rejection), as just men- 
tioned, or as a result of lymphocyte 
stimulation by specific nontissue anti- 
gens, i.e., viral, bacterial, etc., or 
nonspecific mitogenic lectins such as 
phytohemagglutinin (PHA) and con- 
canavalin A (Con A) or certain car- 
bohydrates or lipopolysaccharides 
(LPS) in bacterial endotoxins. 
Antigens can bind to specific recep- 
tors present on a few lymphocytes in the 
nonimmunized host and to the clones of 
lymphocytes following immunization 
with this antigen. This is believed to be 
the mode of expansion of a clone of 
lymphocytes specific for the antigen, 
assuming that the antigen is bound 
to the recognition receptor on the 
lymphocyte membrane, and this event 
generates a signal for a blastogenic 
transformation culminating in lympho- 
cyte proliferation. The progeny lym- 
phocytes recognize and respond (with 
blastogenic transformation) to the same 
antigen that launched the initial selec- 
tive stimulation of the progenitor 
lymphocyte. This is a simplified ver- 
sion of an immunologic pyramidal reac- 
tion which does not take into account a 
variety of regulatory factors: prolifera- 
tive asymmetry, suppressor cells, tem- 
porary anergy, etc. Moreover, knowl- 
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edge about b,'astogenic transformation 
is derived main.ly from in vitro studies, 
and relatively litt.'e is knewn about its 
occurrence and character in vivo. 
While blastogenic tansformation in- 
duced by an antigen exp.tesses a specific 
response, blastogenic tansformation 
evoked by lectins or LPS is a more 
general response of large segments of 
lymphocytes regardless of specificity, 
commitment, or immune statu's. The 
only rule that seems to apply here is that 
T lymphocytes respond to PHA and 
Con A, and B lymphocytes react to 
LPS. 

Following this introduction to blas- 
togenic reactions let me return briefiy to 
my initial comments about allograft re- 
jection. As has been stated, fish reject 
allografts, and some fish reject them as 
rapidly as do mammals, but the analogy 
does not appear to extend to the blas- 
togenic reaction. When the lympho- 
cytes of two unidentical mice, A and B, 
are placed in culture they will react 
blastogenically — A VS B and B VS 
A. In contrast, when the lymphocytes 
of two snappers, A and B, are placed in 
culture they do not react in this manner. 
The reason for this discrepancy is not 
known. However, fish lymphocytes do 
respond with blastogenic reaction to 
certain antigens, and I will discuss this 
after a brief statement about the im- 
munoglobulins and an overview of the 
immunologic response in fish. 


IMMUNOGLOBULINS 


We and others have shown that 
fishes, except for the lungfishes, pos- 
sess only one kind of immunoglobulin, 
IgM (Clem and Sigel, 1963; Fish et al., 
1966; Clem et al., 1967; Marchalonis 
and Edelman, 1968; Pollara et al., 
1968). However, this single class of 
immunoglobulin exists in several phys- 
ical states. It may exist as a 7S 
monomer, as a 14S tetramer, or as a 
19S pentamer. To our knowledge, no 
one has conclusively shown the pres- 
ence of other immunoglobulins, such 
as IgA, IgG, or IgD in fishes (except 
perhaps lungfishes). This was the main 
reason that William Clem and I were 
led to think that fishes were im- 
munologically simple. But, as it de- 
veloped in the course of our studies, 
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even this single major immunoglobulin 
class has presented some rather chal- 
lenging and interesting problems. | 
shall not go further into descriptions of 
immunoglobulins as this has been done 
in numerous reviews (Sigel et al. , 1970; 
Clem, 1971; Hildemann and Clem, 
1971; DuPasquier, 1973; Sigel, 1974). 
In this presentation I shall be more con- 
cerned with immunologic memory, 
regulation of the immune response, and 
cellular immunity’. 


IMMUNOLOGIC kx SPONSE 


By and large, the primary n.’™uUne 
response is relatively efficient. One 2" 
evoke significant primary responses to 
many antigens provided the tempera- 
ture is conducive or permissive to im- 
munization. It has been recognized for 
a long time that the efficiency of im- 
muniZzation depends on the temperature 
of the water. Some very elegant studies 
on this problem have been conducted 
by Avtalion et al., (1973). Assuming 
that the temperature of the water is op- 
timal or close to optimal, one can ex- 
pect positive responses to primary im- 
munization. As regards immunologic 
memory, the problem becomes more 
complicated. With some antigens, and 
in some species, there is a strong sec- 
ondary response (Ridgeway et al., 
1966). On the other hand, there are 
fishes which fail to respond to second- 
ary stimulation. For example, in the 
sharks studied in our laboratory it was 
very difficult to elicit a secondary im- 
mune response at | month, 3 months, or 
9 months after a successful primary 
immunization (Sigel and Clem, 1966). 
Only when the primary response was 
weak was it possible to elicit a 
heightened secondary response. If the 
primary response was strong, the sec- 
ondary response would usually lack 
vigor, intensity, and amplitude. 

Why this deficiency? Inability to 
make IgG has been suggested as an 
explanation, but teleosts are quite com- 
petent in mounting anamnestic re- 
sponses even though they, too, fail to 
form IgG. The absence of a differen- 
tiated thymus gland is another possible 
explanation. Fishes do possess thymic 
glands, but these are rather primitive 
organs, resembling lymph nodes, and 


are virtually devoid of epithelial struc- 
tures. In some ways the shark’s im- 
munologic response resembles the 
mammalian response to a thymus- 
independent antigen. One of modern 
immunology’s dogmas holds that anti- 
body production is a funtion of B 
cells — aclass of lymphocytes charac- 
terized by their ability to synthesize 
immunoglobulins. Contained in this 
dogma is the precept that this B cell 
function requires the cooperation and 
help of thymus-derived lymphocytes, 
the T cells. But this is not an absolute 
requirement and there exist antigens 
which apparently succeed in stimulat- 
ing B cells toward antibody production 
witout the help of T cells. These are 
designa*©4 as thymus-independent an- 
. -.. %0ntrast to those which re- 
tigens, in Pe ee 
quire helper T (cells. One such antigen is 
abn ‘lysaccharide. This 
pneumococcus pv.. ' ; 

4 . ntigen does not 
thymus-independent a. = nie 
evoke a true secondary Pia re 

é‘ . tempting 
mice (Baker et al., 1970). Itis. ~ * | 
therefore to speculate that, in the —, 
sence of a mature (differentiateu, 
thymus gland, any antigen can direct 
the immune mechanism in a manner 
analogous to the direction provided by 
thymus-independent antigen. What I 
am proposing is that, on the one hand 
the shark lacks helper T cells, and on 
the other that its B cells seem to respond 
to antigens which in higher animals re- 
quire the helper function of T cells. 
This would imply that lymphocytes of 
fishes (at least some fishes) may not fit 
precisely into the categories created for 
mouse or human T and B cells. 
Moreover, it is possible that in 
phylogenetically lower classes some 
lymphocytes may perform both T and B 
functions or at least some of these func- 
tions. 


REGULATION OF 
IMMUNE RESPONSE 


One of the regulatory mechanisms in 
fish immunity probably resides in 
natural antibodies with reactivity di- 
rected to a variety of antigens. The 
shark is remarkable in this respect. The 
natural antibody, although an im- 
munoglobulin and constructed like the 
typical 19S IgM antibody molecule, 
differs from the antibody raised by im- 





munization in that it possesses an un- 
usually broad specificity (Sigel et al., 
1970). For example, antibodies pre- 
pared in rabbits by immunization 
against chicken red blood cells (CRBC) 
react with CRBC but not sheep RBC 
(SRBC) owing to narrow specificity 
and the lack of detectable cross-reactive 
antigens. The natural antibodies of 
sharks, on the other hand, react with a 
large array of RBC’s — human, pi- 
geon, chicken, rabbit, sheep, and even 
such exotic animals as the tapir. These 
antibodies also kill bacteria and neutral- 
ize viruses of humans (influenza) and 
chickens (Rous sarcoma). They also 
bind small haptens (Sigel et al., 1970). 
The origin of this polyreactivity is not 
known. What is even more remarkable 
is that the multiplicity of reactivity is 
resident in single antibody molecules. 
That is to say that individual molecules 
of 19S IgM react with multiple anti- 
gens. One way to show this is by mixed 
hemagglutination reaction as illustrated 
in Figure 1. Serum from an unim- 
munized shark is added to CRBC and 
the natural antibody is allowed to bind 
to the cells. After a short incubation, 
the cells are washed to remove free an- 
tibody and are mixed with SRBC which 
have not been exposed to antibody. The 
occurrence of agglutinated clumps or 
rosettes wherein CRBC attract on to 
themselves SRBC indicates that the an- 
tibody on the CRBC also forms a link- 
age with SRBC. This signifies that the 
shark natural antibody can bind to at 
least two distinctive antigens. Such 
dual specificity is usually not observed 
in antibodies raised by immunization. 
Other types of determinations based on 
antibody isolation by means of im- 
munoadsorbents have led to similar 
conclusions: the natural antibody of the 
shark possesses polyspecificity. Such 
antibodies are likely to modify or regu- 
late the immune response. They may 
deplete antigen to subimmunogenic 
levels. Alternately, natural antibody 
could conceivably change the physical 
state of the antigen, i.e., degree of dis- 
persion or type of configuration render- 
ing it more or less immunogenic. How- 
ever, the most profound regulatory ac- 
tion is probably exerted by antibody- 
antigen complexes which will be dis- 
cussed later. 


EVIDENCE THAT ANTIBODIES 
CAN REGULATE 
LYMPHOCYTE RESPONSES 


Studies aimed at elucidating the role 
of antibody in regulating lymphocyte 
functions were conducted in a large 
series of experiments based on blas- 
togenic transformation reactions of 
lymphocytes of sharks, snappers, and 
rabbits. In these studies, we principally 
used specific antibodies raised by im- 
munization. The response of lympho- 
cytes from immune sharks to specific 
antigens is illustrated in Figure 2. Shark 
No. 5520 was immunized with bovine 
gamma globulin (BGG) and shark No. 
7201 with poliovirus. Peripheral blood 
lymphocytes were cultured at 24°C in 
the presence of different concentrations 
of BGG or poliovirus. The lympho- 
cytes of shark 5520 reacted specifically 
to BGG but not to poliovirus whereas 
the lymphocytes of shark 7201 reacted 
to poliovirus but not to BGG. A mixture 
of both antigens caused stimulation of 
lymphocytes in both sharks but the re- 
sponse was not increased above the 
level achieved by a single antigen. 

Lymphocyte activation by specific 
antigen could be inhibited by antibody. 
This is illustrated in Figure 3. First, it 
should be noted that the lymphocytes of 
a shark immunized to BGG reacted to 
100 yg and 10 yg of the antigen, but 
not to 1,000 wg. Thus, excess antigen 
was inhibitory. This may be viewed as a 
form of in vitro tolerance. Antibody to 
BGG prevented lymphocyte response 
to the stimulatory doses of 10 wg and 
100 pg and did not reverse the 
‘‘paralyzing’’ effect of 1,000 yg. 

Cellular immunity to rubella virus 
antigens was studied extensively in the 
snapper. Several preparations of virus 
produced in different cell substrates 
were used for immunization and for 
stimulation of lymphocytes in vitro in 
order to obviate the problem of evoking 
blastogenic responses to cellular anti- 
gens. This would have occurred if the 
same viral antigen, e.g., virus pro- 
duced in rabbit kidney cells were used 
for both immunization and in vitro test- 
ing. Lymphocytes from peripheral 
blood, thymus, anterior kidney, and 
spleen were cultured in the presence of 
different concentrations of rubella 


Figure 1.—Mixed hemagglutination reac- 
tion. In the center is a chicken red blood cell 
(RBC) and surrounding it are sheep RBC’s. 
Shark natural antibody was mixed with the 
chicken RBC and subsequently washed to 
remove free antibody leaving only antibody 
bound to the chicken RBC. The attraction of 
sheep RBC is interpreted as indicating mul- 
tispecificity of antibody. 
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Figure 2.—Blastogenic response of immune 
shark lymphocytes to specific antigens. The 
test measures the incorporation of radioactive 
thymidine which denotes DNA synthesis 
evoked by the antigenic stimulation. ShM 
(shark growth medium) and MM (mainte- 
nance medium) are background controls indi- 
cating innate uptake of thymidine by unstimu- 
lated cells. 
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Figure 3.—Differences in response of shark 
lymphocytes to varying doses of BGG and the 
inhibition of the response by specific shark 
anti-BGG serum. 


Marine Fisheries Review 





POOLED PERIPHERAL LYMPHOCYTES 
SENSITIZED 
( norma 





MM = MAINTENANCE MEDIUM 


Yj 





Y 
= rn 


1S 1:10 1:40 
RUBELLA VIRUS DILUTION 


CPM (H®-THYMIDINE INCORPORATED)/ CULTURE 








Figure 4.—Blastogenic response of snapper 
peripheral blood lymphocytes to rubella 
virus. The hatched columns represent results 
of lymphocytes from immunized snappers. 
The solid columns represent the results with 
lymphocytes from nonimmunized snappers. 
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Figure 5.—Blastogenic response of snapper 
thymocytes to rubella virus. 


virus. The results are presented in Fig- 
ures 4, 5, and 6. In all instances there 
were significant responses of lympho- 
cytes from immunized fish to the anti- 
gen as measured by thymidine incorpo- 
ration. One can observe in the figures 
an optimal dose effect. Lymphocytes 
from nonimmunized snappers showed 
no response to any concentration of 
virus. These blastogenic transforma- 
tion reactions could be abrogated by the 
addition of snapper antibody directed 
against rubella virus. This is shown in 
Table 1. 

Thus, in the experiments with sharks 
and with snappers, antibody was in- 
hibitory to the lymphocyte transforma- 
tion response. These results were of 
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Figure 6.—Blastogenic response of snapper 
spleen and anterior kidney to rubella virus. 
Although in this experiment the spleens and 
anterior kidneys were pooled, in other exper- 
iments responses were observed with lym- 
phocytes from separate organs. Furthermore, 
it has been possible to pool tissues from dif- 
ferent snappers without causing allogenic re- 
sponses. 


special interest in view of the fact that 
studies in other systems have failed to 
demonstrate inhibition of antigen in- 
duced lymphocyte responses by anti- 
body (Rosenberg et al., 1972). In other 
experiments, the dominant antibody 
appeared to be IgG whereas the fish 
antibody was IgM, and this fact may 
have accounted for the difference. 
These findings have led us to inaugurate 
a project on the effect of different clas- 
ses of antibody on the lymphocyte re- 
sponse to rubella virus. 


DIFFERENCES IN THE 
EFFECTS OF IgM AND IgG 
ANTIBODIES ON BLASTOGENIC 
TRANSFORMATION AND THE 
EFFECT OF IMMUNE 
COMPLEXES 


In order to measure differential ef- 
fects of different classes of immuno- 
globulin on the blastogenic response to 
a viral antigen, experiments were un- 
dertaken with lymphocytes and differ- 
ent classes of immunoglobulin from 
rabbits immunized with rubella virus. 
These data have been published (Lee 
and Sigel, 1974), but are being re- 
viewed now for the sake of complete- 
ness. In Table 2, findings are presented 
which illustrate the ability of rabbit 


Table 1.—Effect of antirubella serum on the blastogenic 
reaction of itized pper lymphocytes to rubella. 








Fish #8807 Fish #8808 
cpm' S.12 cpm S.1 

None 236 — 309 _ 

Culture fluid control 309 1.31 371 =1.20 
Rubella virus (1:10) 1,527 6.47 1,554 5.03 
Ab? (1:10) 309 1.31 411 1.33 
RV4 (1:10)+Ab (1:10) 302 1.28 535 1.73 
RV (1:10)+Ab (1:40) 503 2.13 572 1.85 
RV (1:10)+Ab (1:160) 717 =—3.04 510 1.65 
RV (1:10)+Ab (1:640) 850 3.60 658 2.13 





Stimulant 








‘Counts per minute per culture; mean of triplicate cultures 
Stimulation index = cpm in stimulated cultures/cpm in un- 
stimulated cultures 

3Snapper antirubella serum, minimum titer haemagglutina- 
tion inhibition 1:320 

‘Rubella virus. 


Table 2.—Effect of rabbit antirubella serum 
on stimulation of immune rabbit peripheral 
blood lymphocytes by rubella virus. 
cpm + SD' S.1.2 
459+ 17 — 
839+ 24 1.83 
4,415+212 9.62 
1,648+ 96 3.59 
2.213+121 4.82 
2,474+115 5.39 
3,226 +202 7.03 
4,410+245 9.61 
4,392+213 9.57 
Ab (1:10) 495+ 12 1.80 
PHA® 8,996+510 19.60 


‘Counts per minute per culture; mean of tripli- 
cate cultures + standard deviation 
2Stimulation index 

3Extract of noninfected cell cultures. 

‘Rubella virus. 

5Rabbit immune serum, heated at 56°C for 30 
minutes before use. 

®Phytohemagglutinin 0.01 mi (Lee and Sigel, 
1974). 





Stimulant 





None 

Control? 

RV (1:10)4 

RV +Ab5 (1:10) 
RV+Ab (1:20) 
RV+Ab (1:40) 
RV +Ab (1:80) 
RV+Ab (1:160) 
RV+Ab (1:320) 





Table 3.—Differential effects of immune 
immunoglobulin-virus complexes on thymidine uptake 
by sensitized rabbit lymphocytes. 





Immune rabbit PBL Normal rabbit PBL 
cpm+SD' S12 cpm+SD S.1 
987+ 28 — 1056+ 42 — 
Control? 831+ 49 0.84 1,014+ 57 0.96 
RV (1:40) 13,626+952 13.81 1,122+ 39 1.06 
IgM> 999+ 34 1.01 1,302+ 62 1.23 
IgG® 963+ 24 0.97 1,350+ 54 1.28 
IgM+RV (1:40) 861+ 62 0.87 1,188+ 72 1.13 
IgC +RV (1:40) 10,260+782 10.39 1,290+ 45 1.22 
PHA’ 21,411+612 21.70 15,036+824 14.24 





Stimulant 





None 





‘Counts per minute per culture; mean of triplicate cultures + 
standard deviation 

Stimulation index. 

3Extract of noninfected cell cultures. 

‘Rubella virus. 

5Pooled and concentrated immune 19S immunoglobulin off 
Sephadex G-200, adjusted to contain 0.1 O.D.280 units/ml 
This IgM preparation had a haemagglutination inhibition titer 
of 20 VS rubella virus. 

6Pooled and concentrated immune 7S immunoglobulin off 
Sephadex G-200, adjusted to contain 0.1 O.D.280 units/ml 
This IgG preparation had a haemagglutination inhibition titer 
of 40 VS rubella virus. 

7Phytohemagglutinin 0.01 mi (Lee and Sigel, 1974) 


immune serum to inhibit the response 
of rabbit immune lymphocytes to 
rubella virus. The differential effect of 
antirubella IgM and antirubella IgG is 
shown in Table 3. It is clear from this 
table that the IgM antibody suppressed 





Table 4.—Effects of rubella virus-antibody 
complexes on the response of normal rabbit 
lymphocytes to PHA. 

cpm+SD' S.1.2 
None 721+ 30 — 

Control? 763+ 35 1.05 
PHA‘ 11,411+590 15.82 
RV (1:40)° 801+ 8 1.11 
RV+PHA 10,036 +113 13.91 
IgM® 801+ 18 1.11 
IgM+RV 844+ 42 tae 
{IgM+ RV]? + 1,942+150 2.69 
IgG® 715+ 20 0.99 
IgG+RV 1,382+ 38 1.92 
[IgG +RV}’+PHA 12,020 +342 16.67 


‘Counts per minute per culture; mean of triplicate 
cultures + standard deviation 

Stimulation index 

3Extract of noninfected cell cultures 
4Phytohemagglutinin 0.01 mi 

5Rubella virus 

®Pooled and concentrated immune 19S immuno- 
globulin off Sephadex G-200, adjusted to contain 
0.1 O.D.280 units/ml. This IgM preparation had a 
haemagglutination inhibition titer of 20 VS rubella 
virus 

7Mixtures of fractionated antibodies with virus were 
incubated at 37°C for 45 minutes after which they 
were added to lymphocyte cell cultures. The cul- 
tures were then put in a CO2-enriched atmosphere 
at 37°C for 15 minutes before PHA was added 
8Pooled and concentrated immune 7S immuno- 
globulin off Sephadex G-200, adjusted to contain 
0.1 O.D.280 units/ml. This IgG preparation had a 
haemagglutination inhibition titer of 40 VS rubella 
virus (Lee and Sigel, 1974) 


Stimulant 


the response whereas the IgG did not. 
These findings are in accord with the 
inhibitory effect of fish antibodies 
which belong to the IgM class. 

In an attempt to gain insight into the 
mechanism of inhibition of blastogenic 
transformation, we have performed 
experiments in which the virus was 
allowed to complex with specific 
antibody, IgG or IgM, the immune 
complex was added to lymphocytes, 
and their response to mitogen PHA was 
determined. The results are given in 
Table 4. It can be seen that the IgM- 
antigen complex blocked the response 
of lymphocytes to PHA; the IgG- 
antigen complexes exerted no inhibi- 
tory action. This suggests that IgM an- 
tibody may play a more dominant role 
in regulation of the immune response. 
This finding assumes special sig- 
nificance in view of the presence of 
natural IgM antibodies in fishes, nota- 
bly in the sharks, and it may explain, at 
least in part, the failure of sharks to 
mount a secondary immune response. 


SUPPRESSOR CELLS 


Still another mechanism of regula- 
tion is mediated by suppressor cells. 
These cells exert inhibitory effects 
against other lymphocytes upon activa- 
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Figure 7.—Blastogenic response of snapper 
peripheral blood lymphocytes to 
phytohemagglutinin (PHA). Control refers to 
lymphocyte cultures to which PHA was not 
added. The other columns show responses to 
different amounts of PHA as shown in the 
legend in the upper right. 


tion by antigens, mitogens, or other fac- 
tors. In higher vertebrates both T and B 
cells and probably monocytes are 
apparently capable of becoming sup- 
pressors (Gershon, 1974; Kirchner et 
al., 1974; Singhal et al., 1972). They 
dampen or stop immune responses in 
vivo and in vitro. It now appears from 
provisional findings that such cells also 
exist in fishes as evidenced by suppres- 
sion of blastogenesis. 

Snapper lymphocytes were shown to 
possess a relatively well-developed 
capability to react to plant mitogens. 
An experiment measuring the response 
of snapper peripheral blood lympho- 
cytes to PHA is given in Figure 7. It 
can be seen that a fair response to PHA 
was evident in cultures at 3 days and 
a maximum response at 5 days. In 
contrast were the findings with lym- 
phocytes from nurse sharks: here it was 
difficult to elicit a response to PHA, and 
the responses to Con A required high 
doses of mitogen. Although these re- 
sponses are nonspecific as they do not 
reflect sensitivity to a specific antigen, 
they nevertheless are considered indica- 
tive of the overall immunologic status 
(or development) of the host. The 
findings would therefore imply some 
kind of deficit in the shark, presumably 
attributable to T cells. Further investi- 
gations were therefore conducted to 
elucidate this problem. Shark lympho- 
cytes were separated on Ficoll- 


Figure 8.—Separation of shark lym- 
phocytes on Ficoll-Isopaque. Note the 
three layers of cells in the middle of 
the tube. An additional cell population 
of lymphocytes is located at the bot- 
tom of the tube. 


Isopaque'. This procedure has permit- 
ted the separation and recovery of at 
least three subpopulations of lympho- 
cytes as illustrated in Figure 8. The 
individual bands or pellet of cells (bot- 
tom) were subjected to blastogenic 
transformation reactions with Con A 
and PHA. Results in Figure 9 show that 
all three subpopulations respond to Con 
A. In Figure 10 the results with PHA 
are shown. It should be noted that most 
of the subpopulations of shark lympho- 
cytes did not react to PHA, but a reac- 
tion was obtained with the bottom cells. 
In one experiment (not shown) it was 
possible to inhibit the response of the 
bottom cells to PHA by the addition of 
interphase or top cells. 

We conclude provisionally that 
sharks possess PHA responsive cells, 
and also suppressor cells, which are 


‘Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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capable of inhibiting a function(s) of 
the responsive cells. 


SUMMARY AND COMMENTS 


1. The blastogenic transformation 
reaction is a useful indicator of immun- 
ity in fish. The ability of lymphocytes 
of sharks and bony fishes to react to 
specific antigens attests to a form dif- 
ferentiation observed in more advanced 
species, i.e., mammals. While 
specialized classes and subclasses of 
lymphocytes have been recognized in 
mammals, our present state of knowl- 
edge does not permit distinction in fish 
of true T or B cells and certainly not the 
subsets of T and B which perform dif- 
ferent functions in mammals. 

2. The blastogenic transformation 
reaction has demonstrated three modes 
of immunologic regulation: lympho- 
cyte responses can be inhibited by IgM 
antibody, by IgM antibody-antigen 
complexes, and by suppressor cells. 

3. Certain fishes possess natural an- 
tibodies with broad polyspecificity. 
These IgM immunoglobulins may have 
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Figure 9.—Blastogenic response of shark 
lymphocytes to Concanavalin A (Con A) after 
separation on Ficoll-Isopaque. 
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Figure 10.—Response of shark lymphocytes 
from the pellet (after separation on Ficoll- 
Isopaque) to Phytohemagglutinin. 
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a tremendous survival value for the 
sharks. Yet, the same antibodies may 
be responsible for immunologic am- 
nesia and perhaps for diminution in 
cell-mediated immunity in the shark. 

More information is urgently needed 
on these and other matters for the sake 
of knowledge about the intelligent ap- 
proaches to immunization of fish (and 
avoidance of disastrous effects) and for 
the sake of furthering our understand- 
ing of immunologic developments and 
functions as they relate to other ani- 
mals, including man. 
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immunization of Fish With Bacterins of 
Aeromonas salmonicida 


L. R. UDEY and J. L. FRYER 


ABSTRACT—Highly virulent Aeromonas salmonicida strains were shown to 
have an additional layer external to the normal cell wall, whereas avirulent strains 
lacked the layer. Strains possessing the additional layer were also found to aggre- 
gate and to adhere to cultured fish tissue cells. Consequently, the choice of A. 
salmonicida strains may play an important role in determining the nature of vaccine 


preparations. 


The route of administration of bacterins was also investigated. Three types of 
orally administered bacterins, produced using virulent strain SS-70, were not 
effective in conferring protection to juvenile coho salmon naturally challenged in a 
hatchery environment. Parenteral immunization with a whole cell bacterin in com- 
bination with Freund’s Complete Adjuvant conferred a high degree of protection 
under the same challenge conditions. A possible explanation for the lack of protec- 
tion in orally vaccinated fish was proposed. 


Bacterial furunculosis has a long his- 
tory in studies of fish diseases. The 
causative agent, Aeromonas sal- 
monicida, was first isolated by Em- 
merich and Weibel (1894) in Germany. 
It was the first really well characterized 
bacterial fish disease organism and was 
isolated in this country in 1902 (Marsh, 
1902). Aeromonas salmonicida has 
probably been the most studied of all 
bacterial fish disease organisms. Even 
though we now are able to control 
furunculosis disease fairly well with 
certain antibiotics (McCraw, 1952; 
Herman, 1968), there have been prob- 
lems with drug resistant organisms. 

The organism itself is a short, gram- 
negative, nonsporulating, nonmotile 
rod. It ferments selected carbohydrates 
anaerogenically, is cytochrome oxidase 
positive, and usually produces a charac- 
teristic melanin pigment from tyrosine. 
The disease is a generalized septicemia 
which can either be acute or chronic and 
causes necrosis and edematous lesions 
(Klontz et al., 1966). The disease has 
been found in practically every country 
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in the world which raises fish (except 
Australia and New Zealand) and 
economically has probably been the 
most important fish disease agent. 

Immunization of fish with A. sal- 
monicida vaccines has been tried for 
many years. D. C. B. Duff, in the late 
1930’s and early 1940’s introduced the 
idea of oral immunization in fish fol- 
lowing attempts at human oral immuni- 
zation with the enteric pathogens (Duff, 
1942). His results were promising, but 
unfortunately, he was not able to carry 
on his experiments after the war. He 
prepared a chloroform-killed whole cell 
vaccine of a known virulent isolate and 
was able to show what looked like pro- 
tection, although on a very small scale, 
in the laboratory. 

G. W. Klontz pursued Duff’s work 
at a later time and subsequently 
patented a vaccine which is termed 
Furunculosis Soluble Antigen (FSA). 
The FSA is a sonicated extract in which 
the cell wall remnants are centrifuged 
out and the soluble portion of the or- 
ganism is precipitated with aluminum 


hydroxide and administered in the 
fishes’ diet. In the laboratory, Klontz 
showed that this vaccination procedure 
was effective, but on subsequent field 
testing, its efficacy was questionable 
(Klontz, 1967, 1968). 

Krantz (Krantz et al., 1964a, b) in- 
jected brook trout, Salvelinus fon- 
tinalis, and brown trout, Salmo trutta, 
with an A. salmonicida bacterin and 
found that those fish which were in- 
jected (especially in combination with 
Freund’s adjuvant) were provided pro- 
tection against laboratory challenge. 
This protection persisted even when the 
fish are severely stressed, e.g., at the 
time of spawning. 

Results of previous experiments 
pointed to two problems in evaluating 
and developing vaccines: 1) There 
probably was not sufficient standardiza- 
tion of the challenge, and 2) not enough 
was known about the bacterium itself. 
The literature is somewhat confusing 
about the types of strains of this or- 
ganism. This report is a discussion of 
the differences between aggregating 
and nonaggregating strains of A. sal- 
monicida and how these differences 
might affect vaccines prepared from 
them. 


AGGREGATING AND 
NONAGGREGATING STRAINS 


A culture of the nonaggregating 
strain is shown on the left in Figure 1. 
On the right is the aggregating strain, 
and the bacteria can be seen settled into 
a small bottom zone. Figures 2A and B 
are scanning electron micrographs 
depicting clumped cells of the aggre- 
gating strain. We have shown this 
aggregation to be totally reversible and 
dependent upon divalent cations. In 
culture, the clumping can be extensive 
and the number of cells per aggregate 
ranges from 20 to 200. 

Preliminary results suggested that 
these clumping strains appear to be 
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Figure 1.—Cultures of nonaggregating 
(left) and aggregating (right) Aeromonas 
salmonicida strains. 


more virulent than the nonclumping 
strains. In some cases, the use of a 
nonaggregating strain may have ac- 
counted for lack of immunization in 
previous vaccination attempts. This has 
been difficult to ascertain because the 
type of strain used as antigen was sel- 
dom reported. 

We felt that the differences between 
the aggregating and nonaggregating 
strains might be significant enough to 
warrant a detailed investigation. To de- 
termine if there were differences be- 
tween these strains, the cell wall struc- 
ture was examined by transmission 
electron microscopy. 

Figure 3 depicts a cell of the nonag- 
gregating type of A. salmonicida with 
the characteristic gram-negative cell- 
wall structure. Illustrated are the rigid 
layer (R), the plasma membrane (PM), 
and the outer membrane area (OM). 
The structures labelled (B) are thought 
to be lipopolysaccharide extrusions. 
These appendages have also been re- 
cently reported on Neisseria menin- 
gitidis. 

In contrast, we have found that the 
aggregating strains of A. salmonicida 
produce an additional layer (A) as 
shown in Figure 4. The additional layer 
itself in gram-negative bacteria is no- 
thing new. The dark staining additional 
layer beyond the area where one would 
normally find the O antigen polysac- 
charides is similar to those described 
for Acinetobacter (Glauert and 
Thornley, 1969). 

In an oblique section (Figure 5A) of 
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Figure 2.—Scanning electron micrographs of clumps formed by the aggregating strains of 
Aeromonas salmonicida. 


an aggregating cell, the additional layer 
exhibits a periodic staining pattern 
which probably stems from the regular 
molecular configuration of the layer as 
demonstrated in additional layers of 
other bacteria. The additional layer is 
tightly bound to the outer membrane 
even when the cell is completely lysed, 
as seen in Figure 5B. This picture 


shows the plasma membrane, rigid 
layer, and outer membrane with the ad- 
ditional layer still attached. 


VIRULENCE OF STRAINS 


We found that all of the strains from 
recent epizootics throughout the United 
States and British Columbia were of the 
aggregating type. We also found that 
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Figure 3.— Ultrathin section electron micrograph of a nonaggregating Aer s salmonicida 
cell. B = appendage, PM = plasma membrane, R = rigid or peptidoglycan layer, and OM = 


outer membrane. 


strains maintained for some time in cul- 
ture collections were of the nonag- 
gregating type. We compared the viru- 
lence of the two types to see whether 
there really was a correlation between 
aggregation, cell wall structure, and 
virulence (Table 1). 

The ATCC 14174 culture is of the 
nonaggregating type, lacking the addi- 
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tional layer. Isolate SS-70 is virulent, 
and aggregating, and it possesses the 
additional layer. Strain SS-70-Sm‘- 
REV is a streptomycin-sensitive rever- 
tant derived from a streptomycin- 
dependent mutant. It has lost its 
aggregating ability as well as the addi- 
tional layer but otherwise appears iden- 
tical to SS-70. The SIL-67 strain was 


maintained for several years on arti- 
ficial media in our laboratory. Strain 
SIL-74 was obtained from a 1974 
epizootic at the Siletz River Salmon 
Hatchery in Oregon. The final strain, 
3.47 (EFDL), was also virulent in coho 
salmon and possessed both the addi- 
tional layer and the ability to aggregate. 

It is our conclusion that the addi- 
tional layer is a requisite for virulence. 
The question still remains, however, 
whether this layer alone can confer vir- 
ulence. 

Additional layers have never been 
correlated with virulence before, nor 
have they been known to cause aggre- 
gation (Glauert, pers. commun.). The 
ability of bacteria to attach to tissue has 
been associated with virulence in infec- 
tions caused by Escherichia coli, 
Shigella dysenteriae, and Neisseria 
gonorrheae. In these infections, how- 
ever, the attachment of the bacterium is 
due to pili or to K-antigens. In prelimi- 
nary experiments, the aggregating 
strains of A. salmonicida were found to 
adhere to human, rabbit, and fish white 
cells and to fish intestinal mucosa cells. 
This finding was interesting to us be- 
cause it may be a mechanism by which 
the organism can deliver aggressins 
which it may possess. If the bacteria 
were attached to the tissue cell surface, 
aggressins could be secreted directly 
onto the cell without dilution. Klontz 
(1967, 1968) demonstrated a leuko- 
penia in furunculosis infections, and 
suggested the presence of a leukocidin 
in A. salmonicida. It seems very likely 
that A. salmonicida could easily cause a 
leukopenia by attaching directly to 
leukocytes. 

A model system was used to dem- 
onstrate that the aggregating strains 
have a marked affinity for tissue cells; 





Table 1.—Correlation bety aggregation, cell wall 
(CW) structure, and virulence in Aeromonas sal- 
monicida strains. 





Lethal dose 
LD,,, (CFU) 
(colony form- 

ing units) 


Aggre- 
gates 


Staining 


Strain CW layers 


ATCC 14174 





(NCMB-833) 
SS-Sm°-REV 
SIL-67 

SS-70 

SIL-74 

3.47 (EFDL) 


> 1.0« 108 
> 1.0x 108 
> 1.0« 108 
8.8 x 10° 
6.8 x 10° 
8.2 x 108 
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Figure 4.— Ultrathin section electron micrograph of an aggregating Aeromonas salmonicida 
cell. B = appendage, PM = plasma membrane, R = rigid layer, OM = outer membrane, A = 


additional layer. 


the nonaggregating strains did not show 
this affinity. Figure 6A is a scanning 
electron micrograph of a chinook salm- 
on embryo cell (CHSE-214) grown in 
monolayer. In the second picture in this 
series (Fig. 6B) the same cells were 
incubated with the nonaggregating 
strain SS-70-Sm°-REV. It can be seen 
that the bacteria have little or no ten- 
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dency to adhere to the CHSE cells. 
Strain SS-70, an aggregating strain, 
was incubated with CHSE cells and is 
shown in the third figure (Fig. 6C). The 
bacterial cells of this strain adhere 
markedly to the tissue cells; 30 times as 
many aggregating bacteria adhered to 
the tissue cells compared with the 
nonaggregating type. 


VACCINES AND RESULTS 
OF VACCINATION 


We felt also that the additional layer 
may well be an important antigen and 
that its presence should be considered 
in vaccine preparation. The effects of 
vaccine preparation methods on the re- 
covery of Kjeldahl nitrogen and organic 
carbon from two strains of A. sal- 
monicida were examined (Table 2). 
Strain Sil-67 is nonaggregating, and 
SS-70 is of the aggregating type. The 
cell wall of SS-70 was not as easily 
lysed, and the recoveries were consis- 
tently higher in the first four prepara- 
tions. Since the FSA vaccine relies on 
obtaining soluble material, SS-70 gave 
a substantially lower yield (and differ- 
ent composition) than strain Sil-67. 

Three of the vaccines listed in Table 
2 were evaluated in an immunization 
trial. The Formalin'-killed whole cell, 
Formalin-killed whole cell + Al 
(OH),, and FSA vaccines were ad- 
ministered in the diet at 500 yg 
vaccine-carbon/gram of diet. Addi- 
tionally the Formalin-killed whole cell 
vaccine was injected with Freund’s 
Complete Adjuvant (FCA) intraperi- 
toneally. Each vaccine was evaluated in 
three groups of 500 fish, and an addi- 
tional three groups served as unvacci- 
nated controls. All groups were ex- 
posed to a natural epizootic at Siletz 
River Salmon Hatchery using effluent 
water from a pond containing fish with 


Table 2.—The effects of vaccine preparation on the re- 
covery of nitrogen and carbon from two Aeromonas 
salmonicida bacterins. 





Vaccine strain 
SIL-67 SS-70 








Vaccine 
type %N %C %N %C 





Chloroform-killed 

whole cells 58.0 586 83.1 79.7 
Chioroform-killed 

whole cells + Al(OH)s 56.6 602 668 726 
Formalin-killed 

whole cells 946 938 951 969 
Formalin-killed 

whole cells + Al(OH)3 

FSA vaccine 





‘Reference to trade names does not imply en- 
dorsement by the National Marine Fisheries Ser- 
vice, NOAA. 





Figure SA.—An oblique section of an aggregating cell of Aeromonas salmonicida showing the 
periodic staining pattern of the additional layer (A). 5B. An ultrathin section through a lysed 
Aeromonas salmonicida cell of the aggregating type. Note that the additional layer (A) is still 


firmly bound to the outer membrane (OM). 


active furunculosis. Table 3 is a sum- 
mary of the results of this experiment. 
We were able to show that none of the 
oral vaccines provided any protection 
from furunculosis. Fish injected with 
the bacterin possessed a high level of 
protection which resulted in sig- 
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nificantly reduced mortality (P <0.01), 
however. 

This experiment was disappointing 
to say the least. I would like to com- 
ment briefly on a possible explanation 
for the lack of success using oral vacci- 
nation with A. salmonicida. 


Figure 6.—Scanning electron micro- 
graphs of: A. Normal (control) chinook 
salmon embryo (CHSE-2 14) cell attached 
to a glass surface. B. CHSE-214 tissue 
cells incubated 5 minutes with nonag- 
gregating Aeromonas salmonicida cells. 
C. CHSE-214 tissue cells incubated 5 
minutes with aggregating Aeromonas 
salmonicida cells. Clumps of bacteria can 
be seen attached to the tissue cells. 


An experiment was conducted in 
which groups of fish were: 1) Un- 
treated, 2) fed strain SS-70, 3) injected 
with FCA and SS-70, and 4) fed and 
injected with SS-70. The injected 
groups were inoculated on the same day 
as feeding began. Vaccine was fed for 
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45 days, and all groups were bled 63 
and 93 days after the end of vaccine 
feeding. Fish which received only oral 
vaccine exhibited no significant in- 
crease in humoral agglutinins (Table 
4). The group, which only received the 
injection of vaccine, gave agglutinin 
titers of 1:2,048. 

Interestingly, the group which was 
both injected and fed vaccine had sup- 
pressed humoral antibody response. 
This trend was maintained even 93 days 
after the end of vaccine feeding. This 
phenomena may be a case of immune 
suppression. Much additional work 
needs to be done in this area before an 
effective oral A. salmonicida vaccine 
can be expected. 
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Immunization of Channel Catfish, 
Ictalurus punctatus, Against Two 
Bacterial Diseases 


JOHN H. SCHACHTE, ur. 


ABSTRACT—A field study was begun to compare the efficacy of three different 
routes of immunization of channel catfish, \ctalurus punctatus, intensively cultured 
in cages. A polyvalent bacterin against Aeromonas hydrophila and Flexibacter 
columnaris was administered by oral, injection, and immersion routes. Initial data 
indicated a humoral antibody response to all three routes. Thirty-day post- 
immunization agglutinin titers were as high as 1:1,280 in fish injected with bacterin, 
1:160 in immersion-treated fish, and 1:20 in orally immunized fish. Gut mucosal 
extracts of identical fish had precipitin titers as high as 1:5,120 in immersed fish, 
1:320 in orally immunized fish, and 1:160 in injected fish. Control titers were 1:80. 
No significant difference in protective immunity was detected. These data reflect 
initial results of a 2Y2-year study which will be reported in full at a later date. 


During recent years, cultural and 
nutritional studies with channel catfish, 
Ictalurus punctatus, at the Fisheries 
Research Unit at Auburn University 
have been plagued with bacterial dis- 
ease problems. Epizootics of Aero- 
monas hydrophila and Flexibacter co- 
lumnaris have been particularly 
troublesome in intensive culture 
techniques such as in pens and cages. 
These bacteria are also of importance in 
open pond culture, particularly under 
poor environmental conditions. 

Experiments conducted at Auburn in 
1972 indicated that the channel catfish 
would produce high circulating anti- 
body titers when injected with a heat- 
killed bacterin. Additional studies also 
revealed that agglutinin titers as high as 
1:160 could be induced following a 
single immersion treatment of bacterin. 


METHODS OF TEST 
IMMUNIZATIONS 


During the spring of 1974 a study 
was begun to test the possibility of im- 
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munizing channel catfish in cages 
against A. hydrophila and F. colum- 
naris. The experiment was designed to 
test the level of protective immunity by 
observations of survival following 
natural infection with these bacteria in a 
pond. The experimental pond had a 
5-year history of epizootics of these or- 
ganisms in the cage culture of catfish. 
Differences in response of fish to three 
routes of administration of the bacterin 
were also measured by survival data, 
titering fish sera, and mucosal samples 
for circulating and secretory antibody. 
Twenty-four hundred channel catfish 
fingerlings were selected and divided 
into four groups of 600 fish, each group 
in a 730-liter tank. Three 600-fish 
groups were designated for bacterin 
administration by either injection, 
immersion, or oral routes, and the re- 
maining group served as a control. A 
heat-inactivated polyvalent bacterin 
with adjuvant was prepared with A. 
hydrophila and F. columnaris. Injected 
fish received a single 0.2 ml intramus- 


cular dose of bacterin with adjuvant 
while the immersion treatment con- 
sisted of the addition of bulk vaccine 
directly to the tank such that the final 
dilution was 1/126. Fish fed vaccine 
were administered treated feed every 
other day for a total of six treated ra- 
tions; controls were held under identi- 
cal conditions without bacterin ad- 
ministration. Following a suitable 
period for response to the bacterin, all 
fish were stocked randomly by treat- 
ment into 12 respective 0.75-m* cages 
anchored on a line in a 4.8-acre pond. 
At 30 days postimmunization, a sub- 
sample was removed from each treat- 
ment group and the control group. 
Serum, surface mucus, and gut muco- 
sal samples were collected and titered 
using microtiter techniques. Serum was 
titered against A. hydrophila and F. 
columnaris whole cell antigens, while 
mucosal extracts were tested against 
sonicates of the same organisms using a 
capillary tube precipitin technique. 


RESULTS OF IMMUNIZATION 


Following the 5-month experimental 
period, during which infections of both 
bacteria were diagnosed, the fish were 
counted for survival data. Sixty-eight 
percent of the controls survived, while 
66 percent of the orally treated, 78 per- 
cent of the immersion treated, and 80 
percent of the injected fish survived. 
Thirty day postimmunization agglu- 
tinin titers of injected fish were as high 
as 1:1,280, 1:160 in immersion-treated 
fish, and only 1:20 in feed-treated fish. 
Precipitin titers in gut mucosal extracts 
from the same fish were as high as 
1:5,120 in immersed fish, 1:320 in 
feed-treated fish, and 1:160 in injected 
fish. Controls had a titer of 1:80 which 
was considered to be a result of expo- 
sure prior to the experiment. Statistical 
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analysis of survival data revealed no 
significant differences (P=0.05) be- 
tween treatment groups and the control 
group or among treatment groups. This 
was thought to be a result of a high 
degree of variation encountered in the 
cages. However, percentage values 
seem to indicate that the immersion and 
injection routes might give significant 
results with further studies. The fact 
that there is a circulating and secretory 
antibody response to the immersion 
route seems to indicate that further 
refinement of this technique may result 
in an effective immunization method 
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which will eliminate individual handl- 
ing of each fish. 
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Immunization of Salmonids for 
Control of Vibriosis 


J. L. FRYER, J. S. ROHOVEC, and R. L. GARRISON 


ABSTRACT—Experimental work done with the immunization of chinook salmon, 
Oncorhynchus tshawytscha, and coho salmon, O. kisutch, against Vibrio anguil- 
larum is described. Experiments include: 1) A comparison of the efficacy of oral 
and injected bacterins; 2) a study of the protection provided by three selected oral 
bacterin concentrations; 3) an investigation of three selected periods of bacterin 
administration; and 4) a study of the effects of diverse water temperatures on oral 
immunization. Studies with the V. anguillarum bacterin indicate that under experi- 
mental conditions fish can be immunized against vibriosis. 


Work on fish pathology at Oregon 
State University has included the 
development of several experimental 
immunogens including those of 
Flexibacter columnaris, Aeromonas 
salmonicida, infectious hematopoietic 
necrosis virus, and Vibrio anguillarum. 
Experiments with these bacterins and 
vaccines have been directed toward 
studying the immune response in 
Pacific salmon (genus Oncorhynchus) 
and steelhead trout, Salmo gairdneri. 
The primary objective of this research 
has been potential immunization of 
these animals for control of infectious 
diseases which have affected large- 
scale fish culturing attempts. Effica- 
cious bacterins have been reported for 
the control of vibriosis in salmonids 
(Hayashi et al., 1964; Fryer et al., 
1972). To date, the most successful 
immunogen tested in our laboratory has 
been prepared from cells of V. anguil- 
larum. 

One of the simplest methods for 
delivery of bacterins to large fish popu- 
lations is by oral administration. There- 
fore, the major portion of this investiga- 
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tion (begun in 1968) has involved 
developing oral bacterins and testing 
conditions under which they can be ef- 
fectively used. In addition to oral im- 
munogens, a parenteral administered 
bacterin was also studied. 


METHODS 
Preparation of Bacterins 


The preparation of each antigen is 
outlined in Figure 1. The procedure for 
mass culturing of the bacterial cells was 
the same in the preparation of the oral 
bacterins. Ten ml of brain heart infu- 
sion (BHI) broth (Difco)! were inocu- 
lated with organisms from a stock cul- 
ture of V. anguillarum. After 12 hours 
incubation at 25°C, 2 ml of this broth 
culture were used to inoculate two sepa- 
rate 1-liter quantities of broth which 
were also incubated 12 hours at 25°C. 
These two separate liters of culture 
were then used as the inoculum for 30 
liters of medium which had been 
sterilized in a fermentor. After an incu- 
bation period of 10-12 hours at 28°C, 
500 ml of a 20 percent dextrose solution 
was added and the culture allowed to 
incubate an additional 10-12 hours. 

For the preparation of the wet- 


'Reference to trade names does not imply en- 
dorsement by the National Marine Fisheries Ser- 
vice, NOAA. 


packed, whole cell bacterin, the bacte- 
rial cells were killed in the fermentor by 
the addition of 100 ml Formalin solu- 
tion directly into the 30 liter broth cul- 
ture. The cells were harvested after 1 
hour, frozen, and stored at —26°C. 

To prepare lyophilized whole cells, 
the cells were harvested by high speed, 
continuous-flow centrifugation. Two 
hundred fifty grams of the harvested 
cells were then resuspended in | liter of 
a Saline solution containing 0.3 percent 
Formalin and mixed for 24 hours at 
25°C. The cells were then lyophilized. 

Cells were also prepared for paren- 
teral administration. Because smaller 
quantities of the bacterin were needed 
for this type of immunization, cells 
were cultured on BHI agar surfaces. 
This was done by preparing agar slants 
in 8-ounce prescription bottles which 
were inoculated with | ml of a 12 hour 
culture of the desired organism. After 
incubation (24 hours at 25°C), the cells 
were removed from the agar surface 
with 0.3 percent Formalin-saline solu- 
tion. Bacterial cells remained in this 
solution for 1 hour and were then 
washed three times by centrifugation in 
phosphate buffered saline. 


Bacterin Administration 
and Challenge 


The method for oral vaccination fol- 
lowed a similar procedure in all exper- 
iments conducted. Fish, either chinook 
salmon, O. tshawytscha, or coho salm- 
on, O. kisutch, were fed a diet contain- 
ing the bacterin incorporated at a 
selected level per gram of ration. Diets 
used in this study were either Oregon 
Moist Pellets (OMP) (Hublou, 1963) or 
Oregon Test Diet (OTD) (Lee et al., 
1967). This diet was administered to 
fish held at a freshwater facility sup- 
plied with pathogen-free well water at 
an ambient temperature of 12°C. It was 
also possible to vary the water tempera- 
ture in experimental aquariums from 4° 
to 23°C. 

Efficacy of the bacterins was tested 
by exposing experimental fish to a 
natural challenge of V. anguillarum ina 
saltwater rearing impoundment at Lint 
Slough on the Oregon coast. Groups of 
animals were held in l-m diameter 
fiberglass tanks which were furnished 
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with saltwater. Vibrio anguillarum is 
endemic at this rearing impoundment 
and reaches epizootic proportions in the 
warmer months of the year when the 
water temperature rises to 12°C or 
above (Cisar and Fryer, 1969). 

A necropsy was performed on all ex- 
perimental animals which died during 
the challenge. The animals were exam- 
ined for gross pathological symptoms, 
dissected aseptically, and bacteriologi- 
cal cultures were then prepared from 
kidney tissue on BHI agar. After incu- 
bation, the plates were examined for 
typical colonies of V. anguillarum. 
Presumptive tests included microscopic 
examination using the grain reaction, 
and morphology and motility by means 
of phase contrast microscopy. Recov- 
ery of V. anguillarum was confirmed 
with rapid slide agglutination tests 
using the suspected isolates as antigens 
and V. anguillarum antiserum which 
had been prepared in rabbits. 


Comparison of Oral and 
Injected Vibrio Bacterins 


An experiment was designed to de- 
termine whether parenteral administra- 
tion of bacterin would provide protec- 
tion to fish and to compare the efficacy 
of this method to oral immunization. 
Experimental groups of fall chinook 
salmon consisted of 200 fish in the 
orally vaccinated groups and 150 fish in 
the injected groups. The oral bacterin 
consisted of lyophilized whole cells in- 
corporated into OTD at a concentration 
of 2 mg/g of ration. The fish received 
100 g of diet/200 fish per day. The 
bacterin feeding period was 30 days 
followed by a 15 day postvaccination 
period. Fish which were injected intra- 
peritoneally received approximately 2 
x 10° cells/animal in 0.1 ml of a 
Freund adjuvant-saline suspension and 
were vaccinated 50 days prior to the 
time they were challenged. Throughout 
this period in fresh water, these animals 
were maintained on a ration containing 
no bacterin. The orally and parenterally 
vaccinated fish were simultaneously 
exposed for 40 days to natural chal- 
lenge with V. anguillarum. The mortal- 
ity of these animals was compared to a 
similar group of fish which had re- 
ceived no bacterin. 
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STOCK CULTURE OF VIBRIO ANGUILLARUM 


+ bali 


10 ml BHI BROTH 
INCUBATE 12 h at 25°C 


2.0 mi 


TWO 1 LITER BHI BROTH 
INCUBATE 12 h at 25°C 


30 LITER BHI BROTH 
INCUBATE 10-12 h at 28°C 


ADD 500 mi, 20% DEXTROSE 
INCUBATE 10-12 h 


100 ml FORMALIN HARVEST 


HARVEST 


STORE —26°C 


INCUBATE 18 h 


WET-PACKED 
WHOLE CELL 
BACTERIN 


LYOPHILIZED 
WHOLE CELL 
BACTERIN 


LYOPHILIZATION 


BHI 
AGAR SLANT 


24h 
INCUBATION 25°C 


REMOVE AND KILL CELLS WITH 
0.3% FORMALIN IN SALINE 


WASH 3 IN SALINE 


WHOLE CELL BACTERIN FOR 
PARENTERAL INJECTION 








RESUSPEND IN 0.3% FORMALIN 
IN SALINE 


Figure 1.—Methods used for Vibrio anguillarum bacterin preparation. 


Concentration of 
Oral Bacterin 

Early experiments routinely em- 
ployed either 5 or 10 mg of vaccine per 
gram of diet. These levels were arbitrar- 
ily selected and no comparative infor- 
mation was available. In order to gain 
some understanding of the concentra- 
tion required to produce immunity with 
the orally administered bacterins, the 
following experiment was designed. 
Groups of 200 fall chinook salmon 
(mean weight 6.5 g) were fed wet- 
packed whole cell bacterin at levels of 
2, 5, or 10 mg/g of OTD for 30 days. 
After this feeding period, the fish re- 
mained in fresh water for 15 days and 
were then challenged at Lint Slough for 
30 days. 


Length of Oral 
Bacterin Administration 


There was also interest in the length 
of time that the vaccine containing ra- 


tions should be administered to produce 
increased protection. The lyophilized 
whole cell bacterin was added to OMP 
at a level of 2 mg/g and fed to groups of 
200 fall chinook salmon (mean weight 
0.8 g). One group of animals received 
this diet for 15 days, a second for 30 
days, and a third for 45 days. The vac- 
cination periods were begun so that 
each of the three experimental groups 
received its last bacterin dose on the 
same day. All vaccinated fish and an 
unvaccinated control group were then 
maintained in fresh water for 15 days 
before being simultaneously chal- 
lenged for 40 days at Lint Slough. 


Effects of Temperature 
on Oral Immunization 


Variations in water temperatures are 
encountered among hatchery locations 
and with the seasons of the year. It has 
been reported that agglutinating anti- 
body production in poikilothermic 
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animals is slower at lower temperatures 
(Muroga and Egusa, 1969; Avtalion et 
al., 1973; Paterson and Fryer, 1974). 
Because all of the immunization exper- 
iments that have been previously de- 
scribed here had been conducted at 
water temperatures of 12°C, it was de- 
sirable to determine what effect diverse 
water temperatures had on the immune 
response of orally vaccinated animals. 
Replicate groups of coho salmon 
(mean weight 3.3 g) were acclimated to 
each of seven temperatures: 3.9°, 6.7°, 
9.5°, 12.2°, 15.0°, 17.8°, and 20.6°C. 
Acclimation of fish took place during a 
l-week period at temperature incre- 
ments of 3°C every 2 days. For 15 days 
these animals were fed a diet containing 
2 mg of wet whole cell bacterin/gram of 
OMP. After this feeding period, each 
group of fish was held at its respective 
temperature for 1 week before being 
reacclimated to 12°C. The fish were 
challenged naturally at Lint Slough for 
20 days and mortality was then com- 
pared to unvaccinated animals which 
had been held at 12°C throughout the 
freshwater phase of the experiment. 


RESULTS 


Comparison of Oral and 
Injected Vibrio Bacterins 


Each group of fish vaccinated either 
orally or intraperitoneally showed little 
variation in mortality 40 days after chal- 
lenge (Table 1). Injected fish had a 7 
percent mortality, the orally vaccinated 
group 10 percent, and the control ani- 
mals experienced an 80 percent loss. 
These results indicated that both 
methods of vaccine administration 
were effective for the control of vib- 
riosis. 

Prior to challenge, serum samples 
from fish of each vaccinated group were 
tested for the presence of agglutinating 
antibody. Animals which had been 
immunized parenterally had high anti- 
body titers (1:640); however, fish 
which were orally immunized did not 
show detectable levels of agglutinating 
antibody. This indicated that different 
immune responses are stimulated by 
each of these two methods of vaccina- 
tion. Similar observations have been 
made by Schaperclaus (1972). Al- 
though the mechanism of protection has 
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not been determined for orally im- 
munized fish, cellular immunity or sec- 
retory antibody may be involved. 
Fletcher and White (1973) reported the 
presence of secretory antibody in the 
intestines of plaice, Pleuronectes pla- 
tessa L., after oral administration of V 
anguillarum antigens. These experi- 
ments, however, have not been re- 
peated using salmonids as experimental 
animals. 


Concentrations of 
Oral Bacterins 


The fish which were fed 2, 5, or 10 
mg of bacterin/gram of ration experi- 
enced mortalities (due to vibriosis) of 
25, 19, and 18 percent, respectively, 30 
days after challenge. Sixty-six percent 
of the unimmunized fish died of vib- 
riosis (Table 2). Results indicated that 
fish can be protected with a bacterin 
concentration of as low as 2 mg/g of 
ration. 


Length of Oral 
Bacterin Administration 


When the length of the vaccination 
period was varied, it appeared that in- 
creasing the time of administration to 
more than 15 days did not appreciably 
increase the protection provided these 
experimental animals (Table 3). Fish 
vaccinated for 15, 30, and 45 days ex- 
perienced mortalities of 12, 13, and 16 
percent, respectively, 40 days after 
challenge, while the unvaccinated con- 
trol group had an 84 percent mortality. 


Effects of Temperature 
on Oral Immunization 


The results of this experiment indi- 
cate that diverse water temperatures do 
not preclude oral immunization with 
bacterins prepared for the control of V. 
anguillarum. All immunized groups 
had mortalities of less than 5 percent, 
20 days after challenge. The control 
animals experienced losses as high as 
83 percent (Table 4). 


DISCUSSION 


Throughout our research with the V. 
anguillarum immunogens, the efficacy 
of both oral and injected bacterins has 
appeared feasible. Since these studies 
indicate that under experimental condi- 
tions fish can be immunized against 


Table 1.—Comparison of the efficacy of parenteral and 
oral administration of bacterin for the control of vib- 
riosis in fall chinook salmon. 

Method of 

bacterin No. of 
adminis- fish/ 
tration group’ 


Fed® 200 





No. of | Mortality 
deaths caused by 
caused by vibriosis 
vibriosis (%) 


Total 
no. of 
deaths? 





Injected 
intraper- 
itoneally* 


Unvac- 
cinated 
control 200 172 160 80 


‘Mean weight 23.0 g/fish. 

2After 40 days natural challenge to Vibrio anguillarum in 
saltwater. 

3Bacterin was dry, whole cells incorporated into Oregon test 
diet and fed at a level of 2 mg of vaccine/gram of diet for 30 
days. 

4Bacterin was 0.1 ml of a Freund's adjuvant-saline suspen- 
sion containing 2x 108 cells. 





Table 2.—Efficacy of selected bacterin concentrations 
for control of vibriosis in fall chinook salmon. 





Bacterin 
concen- 
tration No. of 
adminis- fish/ no. of 
tered! group? _—_ deaths® 


2 200 50 25 
§ 200 37 19 
10 200 36 18 
Unvac- 
cinated 
controi 200 132 66 


No. of — Mortality 
deaths caused by 
caused by vibriosis 
vibriosis (%) 


Total 








‘Milligrams of bacterin/gram of Oregon test diet fed for 15 
days. 

2Mean weight 6.5 g/fish. 

3After 30 days natural challenge to Vibrio anguillarum in 
saltwater. 


Table 3.—Efficacy of selected vaccination periods for 
control of vibriosis in fall chinook salmon. 


No. of | Mortality 
deaths caused by 
caused by vibriosis 
vibriosis (%) 





Vaccin- 

ation No. of 
period' fish/ no. of 
(days) group? _deaths® 


15 200 30 21 12 
30 200 30 25 13 
45 200 41 32 16 
Unvac- 
cinated 
control 200 170 168 84 


Total 








‘'Bacterin fed at a level of 2 mg of lyophilized whole cell 
bacterin/gram of Oregon moist pellets. 

2Mean weight 0.8 g/fish. 

3After 40 days natural challenge to Vibrio anguillarum in 
saltwater. 


vibriosis, the application of these tech- 
niques to aquaculture seems possible. 
However, to our knowledge, no defini- 
tive production trial has been con- 
ducted, and at the present time these 
products do not exist in a licensed form 
available to the aquaculture industry. 
We believe that before the pharmaceu- 
tical industry begins to prepare 
immunogens for licensing and use by 
fish culturists, seven major problems 
must be considered. 
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Tabie 4.—Efficacy of oral immunization of coho salmon 
held at selected water temperatures. 





No. of — Mortality 

deaths caused by 
caused by vibriosis 

vibriosis (%) 


Temper- No. of Total 
ature! fish/ 


no. of 
(°C) group? _— deaths? 


3.9 75 2 1 1 
100 13 5 5 





6.7 95 a 2 2 
60 a 1 2 


9.5 97 
100 


12.2 90 
80 


15.0 96 
100 


17.8 97 
86 


20.6 99 
87 


Unvac- 
cinated 100 72 72 72 
control 100 86 83 83 





"Vaccinated with 5 mg of vaccine/gram of Oregon moist 
pellets for 15 days followed by a 7-day acclimating period. 
2Mean weight 3.3 g/fish. 

3After 20 days natural challenge to Vibrio anguillarum in 
saltwater. 


1) There appear to be difficulties in 
moving from controlled laboratory ex- 
periments with 200-500 fish to full- 
scale production. Experimental results 
may vary with large numbers of fish in 
the production situation, and what is 
possible experimentally may not be di- 
rectly applicable to aquaculture as it 
now exists. 

2) Serotyping of fish pathogens is in 
its infancy, and the possibility of large 
numbers of serotypes of these patho- 
gens could complicate the production 
of bacterin. Careful selection of bac- 
teria or viruses for vaccine preparation 
must be made. 

3) As techniques of immunology 
begin to be applied more extensively 
in aquaculture, there will be a real need 
to reemphasize the definition of immun- 
ity. There is a tendency to consider 
immunity as a shield built around the 
animals which makes them permanent- 
ly invulnerable to a particular patho- 
gen. Immunity is not permanent 
invulnerability. It is a relative state of 
insusceptibility brought on by one of 
three conditions: a) Having the disease 
and recovering; b) having a subclinical 
case of the disease; or c) being arti- 
ficially immunized. The protection af- 
forded by a particular immunogen is 
relative, and it can be overcome by any 
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of several factors such as environmen- 
tal stress, overwhelming presence of 
the pathogen, or the appearance of a 
different serotype. Therefore, progress 
in immunization of fish offers aquacul- 
ture increased protection from fish 
pathogens but not necessarily the eradi- 
cation of disease. 

4) Since environmental stress is a 
factor which influences susceptibility, 
and because fish are particularly vul- 
nerable to these stresses, the impact of 
environmental alterations on the im- 
mune state needs further study. We 
have, on one occasion, seen an abrupt 
change in temperature produce suf- 
ficient stress in previously immune 
animals to cause them to become sus- 
ceptible to the pathogen. 

5) As work in both fish pathology and 
aquaculture continues, the develop- 
ment of reproducible artificial chal- 
lenge systems will become imperative. 

6) There is a need to develop 
methods for measuring immunity in 
fish other than direct exposure to the 
specific pathogen with subsequent 
evaluations based on death or survival. 

7) Finally, novel methods for vac- 
cine delivery should be explored. Al- 
though injection and oral administra- 
tion of bacterins are capable of eliciting 
immune responses, each method poses 
inherent difficulties when dealing with 
large populations of fish. 
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Vibriosis and Current Salmon Vaccination 
Procedures in Puget Sound, Washington 


LEE W. HARRELL 


ABSTRACT—The National Marine Fisheries Service aquaculture experiment 
station and several private salmon farms are successfully vaccinating fish against 
vibriosis via automatic syringe. Delivery systems other than injection are currently 
being researched and developed by private, governmental, and Sea Grant agen- 
cies. Evidently, there is some cross-protection offered by the original Vibrio anguil- 
larum isolate against a new vibrio species recently isolated at the Manchester, 


Wash., laboratory. 


VIBRIOSIS IN 
PEN-REARED SALMON 


During the past 5 years the National 
Marine Fisheries Service (NMFS) has 
been rearing salmon and trout in saltwa- 
ter at the NMFS Aquaculture Experi- 
ment Station on Puget Sound’s Clam 
Bay near Manchester, Wash. (Nov- 
otny, 1975). It was obvious from the 
beginning that some form of preventive 
medicine other then chemotherapy was 
needed if the husbandry experimenta- 
tion was to be successful. Vibriosis, the 
common fish disease caused by the 
marine pathogen Vibrio anguillarum, 
can cause high mortality among salmon 
in saltwater pens, particularly during 
the warmer summer months when 
water temperatures approach 15°C, and 
populations of fish in the pens are high. 

A joint experimental pilot farm oper- 
ated by the Union Carbide Corporation! 
and NMFS in 1971 involved experi- 
mental rearing of large numbers of coho 
salmon, Oncorhynchus kisutch, in 
saltwater pens. The results of this ex- 
periment clearly indicated that antibio- 
tics were needed during vibrio disease 


1Reference to trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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outbreaks. After this pilot project 
proved successful in 1972, the Union 
Carbide Corporation decided to enter 
the salmon aquaculture business as 
Domsea Farms, Inc., and NMFS con- 
tinued its research at the Manchester 
station. 


VACCINATION PROCEDURES 
AND RESULTS 


Preliminary studies indicated that a 
single injection of 2-4 mg of killed, 
wet-packed cells in physiological saline 
would be sufficient to protect coho 
salmon against the usual epizootics of 
vibriosis occurring in the central region 
of the Puget Sound area. 

In the spring of 1973, the majority of 
experimental fish in the saltwater pens 
at Clam Bay were vaccinated intra- 
peritoneally with heat-killed bacterin 
prepared from a V. anguillarum or- 
ganism (Manchester isolate #775) that 
had been isolated regularly during the 
earlier net-pen experiments. Maximum 
agglutination titers of 1:32 were usually 
attained by 30 days postvaccination and 
declined over a 3-month period. Appar- 
ently, continued exposure to vibrio 
disease did not result in an anamnestic 
response in vaccinated fish. By 
November 1973, cumulative mor- 


talities in our experimental fish were 
approximately 10 percent, which was 
decidedly more acceptable than the 
60-90 percent losses that had been ex- 
perienced before the use of chemical 
therapy or prophylaxis. 

Domsea Farms had slightly over a 
million fish in saltwater pens in Clam 
Bay during the fall of 1973. Substantial 
losses began occurring in one of the 
larger net pens during November, and 
the moribund and dead fish were show- 
ing pronounced lesions typical of vib- 
riosis. 

At this time Domsea Farms had no 
pathology facilities and NMFS ob- 
tained several of the diseased speci- 
mens for a diagnostic workup. Vibrio 
organisms were isolated, but the 
growth characteristics were markedly 
different from those we had previously 
encountered. This organism was des- 
ignated Manchester isolate #1669, and 
we began to further characterize it 
serologically and biochemically. 
Domsea Farms eventually lost approx- 
imately 90,000 %-pound coho salmon 
to this pathogen, primarily in one large 
net pen. Shortly after this, some of our 
experimental vaccinated coho were lost 
due to infections by this new pathogen. 

No further losses to vibriosis occured 
with either our experimental fish or 
Domsea Farms’ until the following 
summer growing season (1974) when 
nominal losses began to occur in our 
vaccinated fish. 

Another new aquaculture facility, 
Pacific Ocean Farms, began growing 
about 300,000 coho salmon near Clam 
Bay in June 1974. All of these fish had 
been individually vaccinated by injec- 
tion with #775 bacterin at least 2 weeks 
prior to saltwater entry. Our laboratory 
began to isolate the #1669 vibrio from 
these fish in August; the incidence in- 
creased as the agglutination titer to the 
#775 organism decreased. The losses 
continued at a low level until water 
temperatures dropped below 9°C. Total 
losses for the production season were 
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Figure 1.—Mortality of young-of-the-year 
(0-age) sockeye salmon smolts injected with 
#775 V. anguillarum vaccine. The fish were 
transferred from fresh water to net pens in the 
sea on | August 1974. 


not substantial, even though another, as 
yet unidentified and unrelated, gall 
bladder lesion occurred in many of the 
fish. 

On | August 1974, we transferred 
450 sockeye salmon, O. nerka, smolts 
to saltwater net pens in Clam Bay. One 
pen contained 150 nonvaccinated con- 
trol fish. Two pens contained equal lots 
of sockeye vaccinated with a heat- 
killed vibrio bacterin (isolate #775). 
Ninety-eight percent of the nonvacci- 
nated sockeye died within the first 50 
days, and only the #1669 type vibrio 
was isolated. Losses in the two vacci- 
nated lots of fish were minimal at a total 
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of 32 fish (see Fig. 1), primarily due to 
#1669 type vibrio. 

Serological studies with the two vib- 
rio isolates and field observations of the 
three epizootics caused by the #1669 
type organism led us to infer that there 
was some cross-protection with the 
#775 bacterin (Harrell et al, 1976). 

There are now five aquaculture 
facilities in Puget Sound that are raising 
salmon in net pens (Mahnken, 1975). 
Estimated production for 1975 is 350 
metric tons, of which about one-half 
will have been individually inoculated 
by injection with a bivalent #775- 1669 
vaccine. The remainder of the produc- 
tion will be receiving oral vaccines 
and/or chemotherapy as needed. 


FUTURE DEVELOPMENTS 


A new method of immunizing fish 
against vibriosis by immersion is cur- 
rently under investigation by private 


(commercial) and federally funded 
laboratories (D. F. Amend, pers. com- 
mun.). 

During the summer of 1975 re- 
searchers at the Manchester station 
tested bivalent vibrio vaccines in field 
situations in cooperation with the 
Washington Department of Fisheries. 
The efficacy of several adjuvant prep- 
arations for injection with bacterins was 
also under investigation. 
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Epizootiology of Channel 
Catfish Virus Disease 


JOHN A. PLUMB 


ABSTRACT—Channel catfish virus disease (CCVD) is a highly pathogenic 
herpesvirus disease of cultured channel catfish, \ctalurus punctatus, fry and finger- 
lings. The disease is confined to the southern United States, but occurs sporadi- 
cally in other areas where young channel catfish are intensively cultured. Blue 
catfish, |. furcatus, have been experimentally infected with CCV, but other ictalurids 
appear to be refractory. The causative virus can be isolated only from fish showing 
clinical signs and morbidity. The clinical signs resemble those of other fish viral 
diseases. Histopathology is characterized by hemorrhage, necrosis, and edema in 
most tissues. It is possible to isolate CCV in brown bullhead, |. nebulosis, cells or 
cell cultures derived from channel catfish ovaries. The immunological response of 
channel catfish is discussed and theoretical control measures are suggested. 


EPIZOOTIOLOGY 


Channel catfish virus disease 
(CCVD) is a highly communicable 
viral disease of juvenile channel 
catfish, Jctalurus punctatus, in North 
America. The etiology of CCVD is a 
herpesvirus which results in hemor- 
rhagia and edema in very young fish. It 
is primarily confined to cultured chan- 
nel catfish populations in the southern 
United States where it occurs during the 
warmer months of June through Sep- 
tember. Since the initial isolations (Fi- 
jan, 1968), CCVD has been confirmed 
in numerous epizootics in most south- 
ern states and several other localities 
where channel catfish are intensively 
cultured, including one Central Ameri- 
can country. 

Results of channel catfish virus 
(CCV) infections have varied from 
mild to catostrophic in different popula- 
tions. The potential severity of the dis- 
ease among susceptible channel catfish 
populations makes CCV a serious 
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threat to culture systems already con- 
taining the virus, but its effect upon the 
catfish industry is not yet clear. Chan- 
nel catfish virus has generally been 
found in fry or young-of-the-year 
fingerling channel catfish, although the 
virus was isolated from one yearling 
group of 18-cm fingerlings. Younger 
fish are much more susceptible, and in 
some cases 100 percent of infected fry 
have died involving individual lots of 
8,000 to 3 million fish. In the fingerling 
stage (up to 5-10 cm and less than 
5 months old) mortality may exceed 90 
percent. However, size and age of fish 
alone do not determine the degree of 
mortality: environmental stresses such 
as low dissolved oxygen levels, high 
water temperature, crowding, and the 
stress of handling or transporting in- 
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fected fish may influence the rate of 
mortality and may serve as triggering 
mechanisms for epizootics. Optimum 
water temperature for CCVD is above 
25°C. Mortality may occur at 20°C, but 
below this temperature the effects of 
CCV are diminished. Secondary bacte- 
rial infections of Aeromonas hy- 
drophila and Flexibacter columnaris 
also serve as synergistic forces in CCV 
infections and probably contribute to 
mortality. 


TRANSMISSION 


Channel catfish virus can be readily 
transmitted from infected fish to heal- 
thy fry or fingerlings by placing the 
healthy fish in water outfall from tanks 
or ponds holding infected stocks. The 
virus can also be readily transmitted to 
channel catfish by intramuscular or in- 
traperitoneal injection, placing infected 
and noninfected fingerlings together in 
the same tank, swabbing the gills with 
virus, or by feeding infected materials. 
The possibility of vertical transmission 
from carrier adult fish to their offspring 
exists. There has been a tendency for 
epizootics to be associated with young 
from certain groups of broodfish, but 
the pattern of epizootic occurrences has 
been sufficiently erratic to shed some 
doubt on the theory of a definite adult 
carrier. In spite of numerous attempts, 
CCV has not been isolated from adult 
or subadult fish selected from a suspect 
carrier population. 

Blue catfish, ctalurus furcatus, can 
be experimentally infected by intra- 
peritoneal injection. The virus could 
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not be transmitted horizontally from 
infected blue catfish fingerlings to non- 
infected fingerlings, or by feeding 
contaminated feed. White catfish, 
Ictalurus catus, and brown bullhead, 
Ictalurus nebulosis, fingerlings could 
not be experimentally infected. 

Plumb et al. (1975) presented evi- 
dence that genetically different strains 
of channel catfish vary in their suscep- 
tibility to CCV (Fig. 1). Under control- 
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Figure 1.— Mortality of different strains of chan- 
nel catfish fingerlings fed channel catfish virus. 
The strains infected were: Falcon (FA), Kentucky 
(KY), Marion (MA), Tennessee (TE), Warrior 
(WA), Yazoo (YA), Warrior-Yazoo (W-Y), 
Yazoo-Tennessee (Y-T). The means of any two 
strains that do not fall under the same line are 
significantly different (0.05). From Plumb et al., 
1975. 


led conditions the survival of experi- 
mentally infected 1- to 3-month old 
fingerlings ranged from 10 to 71 per- 
cent. Heterogenetic F, fingerlings had 
lower mortality than most homogenetic 
groups. 


CLINICAL SIGNS 
AND PATHOGENESIS 


The clinical signs of CCVD were 
described by Fijan et al. (1970) and 
Plumb (1971a). Typically infected fish 
are lethargic, with hemorrhages in the 
skin and at the base of fins, bilateral 
exophthalmia, distended abdomens, 
pale gills, and dark pigmentation. The 
body cavity may be filled with a clear 
yellowish fluid; the liver is generally 
pale; the kidney is enlarged and pale, 
but the spleen is deep red; the stomach 
and intestine are pale and void of food, 
but filled with yellow mucoid fluid. 
Some affected fish swim erratically and 
immediately prior to death may hang at 
the water surface in a head-up position, 
but this latter sympton may be caused 
by other diseases or environmental dis- 
orders, especially when very young fish 
are involved. 


Figure 2.—Postinjection titers of channel catfish virus in kidney, 
liver, and intestine of experimentally infected channel catfish 


fingerlings. From Plumb and Gaines, 1975. 
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After experimental CCV infections 
of fingerlings, a viremia quickly de- 
velops (Plumb, 1971b; Plumb and 
Gaines, 1975). Virus was isolated from 
the kidney, liver, and intestine 24 hours 
after infection, but the kidney consis- 
tently produced higher titers than other 
organs (Fig. 2). Virus was also isolated 
from the blood, brain, and spleen (Fig. 
3). Very little virus was isolated from 
the muscle. Virus titers reached peaks 
at 72 to 96 hours after infection and then 
subsided. Seven days after injection the 
virus levels in kidney, intestine, liver, 
and blood were 2-4 logs below the peak 
levels. However, virus titers in spleen 
and brain increased by 1-2 logs from 
day 6 to day 7 postinjection. The reason 
for these differences is not clear, but if 
infections were becoming dormant 6-7 
days after infection, these two organs 
may be sites for development of latent 
infection. 

Histologic findings of CCVD have 
been described primarily from experi- 
mentally infected fish (Wolf et al., 
1972; Plumb et al., 1974; Plumb and 
Gaines, 1975; Majors et al., 1975). In- 
ternally, diseased fish exhibit: General 
hemorrhagia; liver epithelium and pan- 
creatic tissue have focal necrosis; renal 
hematopoietic and excretory tissues are 
necrotic and edematous; while white 
and red pulp of the spleen are com- 
pletely destroyed. Tissues of the diges- 


Figure 3.—Postinjection titers of channel catfish virus in blood, 
brain and spleen of experimentally infected channel catfish 
fingerlings. From Plumb and Gaines, 1975. 
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tive tract are edematous and hemor- 
rhagic, and the mucosal layer of the 
intestine sloughs into the lumen. 
Skeletal muscle may have focal ex- 
travasation of blood, and brain tissue 
may be edematous. Histopathology of 
CCVD is very similar to that resulting 
from salmonid viruses in spite of their 
etiological differences (Yasutake, 
1975). 

Electron micrographs of tissues from 
experimentally infected fingerlings 
showed that CCV replicates in the nu- 
clei of kidney, liver, and spleen cells 
(Plumb et al., 1974). Virus replication 
was characterized by the presence of 
intranuclear crystalline arrays and 
lamellar inclusions. Organ viral assay, 
and light and electron microscopy 
showed that CCVD is a systemic infec- 
tion with generalized viremia. How- 
ever, it appears that the kidney is the 
first and most severely affected organ. 


MORPHOLOGY AND 
BIOPHYSICAL NATURE 


Based on evidence presented by 
Wolf and Darlington (1971) CCV is an 
icosahedral herpesvirus with 172 cap- 
someres. The nucleocapsid measured 
95-105 nm in diameter, but the en- 
veloped particle has a diameter of 175- 
200 nm. The virus is ether, chloroform, 
and glycerol labile. 

Channel catfish virus is very stable 
under frozen conditions in vitro and in 
vivo. Wolf (1973) reported that at 
—80°C in tissue culture media, no in- 
fectivity was lost after 9 months and at 
—20°C infectivity persisted for 4 
months. Plumb et al. (1973) found that 
virus survived in infected fish frozen at 
—80° and —20°C for more than 6 
months, for at least 14 days in iced fish, 
and for less than 3 days in specimens 
held at 22°C. 

The virus is highly sensitive to dry- 
ing. The virus is killed on dried con- 
crete chips in less than | day and sur- 
vives for only 1 to 2 days on nylon 
netting or glass. Infectivity is destroyed 
in less than | day in bottom muds from 
ponds. In water, however, survival is 
considerably longer (Fig. 4); CCV re- 
mained infective in organically en- 
riched pond water for less than 4 days at 
25°C and for 26 days at 4°C, but in 
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Figure 4.—Survival of channel catfish virus in pond and tap water at 4° and 25°C. 


dechlorinated municipal water, infec- 
tivity was prolonged to approximately 
11 days at 25°C and to more than 78 
days at 4°C. Channel catfish virus does 
not survive well in water or on equip- 
ment at the temperature one would ex- 
pect the disease to occur, especially if 
facilities and equipment are dried. 


CELL CULTURE 
CHARACTERISTICS 


The brown bullhead (BB) cell line 
(ATC-59) is the line of choice for CCV 
isolation and replication; however, cell 
culture derived from channel catfish 
ovaries are equally suitable. Wolf and 
Darlington (1971) failed to detect CCV 
replication in 15 other cell types includ- 
ing cells from other groups of fish, am- 
phibia, birds, and mammals. Optimum 
replication temperature in BB cells is 
30°—33°C, although replication will 
occur at 10°C (Wolf and Darlington, 
1971). They found that at 30°C new 
virus was released 4 hours after cell 
culture inoculation, and cell associated 
virus reached a peak at 12 hours postin- 
fection. The rate of virus replication in 
cell cultures is more rapid than in the 
fish as previously discussed (Plumb and 
Gaines, 1975). However, the cellular 


ultrastructure changes are similar in 
vitro and in vivo. 

Cytopathic effect of CCV in BB cell 
cultures is characterized by the de- 
velopment of syncytia resulting from 
coalescing of many infected cells and 
inclusion of their nuclei. Prior to syncy- 
tial formation, cells become pyknotic, 
basophilic, show aggregation of 
chromatin, and lamellar-like, intranu- 
clear inclusion bodies appear (Wolf and 
Darlington, 1971). Karyorrhexis and 
karyolysis follow the appearance of 
syncytia. 


IMMUNOLOGICAL RESPONSE 


The immunological response of fish is 
temperature dependent (Bissett, 1948; 
Snieszko, 1970). Trout respond to anti- 
gens slowly at their optimum growth 
temperatures, but warm-water species, 
especially channel catfish, respond very 
rapidly under their higher optimum 
growth temperature. McGlamery et al. 
(1971) reported a positive antibody re- 
sponse in 2-4 weeks in channel catfish 
inoculated with stomatitis virus when 
the fish were held above 25°C. 
Heartwell (1975) detected CCV anti- 
body at 28°C in channel catfish 1 week 
after injection of viable virus. 
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Figure 5.—Neutralization indices (log base 
10) of 1-year-old channel catfish injected with 
channel catfish virus. Groups I and II were 
inoculated with infectious virus and Group III 
was inoculated with heat-killed virus. Group I 
was given a booster injection 120 days after 
the initial inoculation. From Plumb, 1973b. 
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Figure 6.—Channel catfish virus (CCV) neu- 
tralization indices of sera from adult channel 
catfish with a history of CC V-diseased prog- 
eny. 


Peak CCV specific antibody titers 
occur in adult channel catfish approxi- 
mately 9 weeks after a single inoculum 
of virus (Fig. 5). A rapid anamnestic 
response will occur with a second injec- 
tion after the initial peak titer, but it is 
weak and of short duration (Heartwell, 
1975). Injection of heat-killed CCV 
elicits no immunological response. 
There is no information on the im- 
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munocompetence of fry or fingerling 
channel catfish to CCV. 

The neutralization index (NI) was de- 
termined for sera from 67 adult channel 
catfish which had produced CCV dis- 
eased offspring for two consecutive 
years (Plumb, 1973b). The NI of these 
fish ranged from | X10! to 1 X10° with 
76 percent of the NI values between 
| x 10% and 1 x 10° (Fig. 6). The NI of 
sera from a control group of adult chan- 
nel catfish which had no history of CCV 
were all less than | X10'°. Also, the NI 
from the CCV suspect fish remained at 
a high level throughout the year in con- 
trast to the experimental immunologi- 
cal response reported by Plumb (1973b) 
and Heartwell (1975). 


CONTROL 


There is no known control of CCV; 
however, Plumb (1973a) reduced the 
water temperature from 28° to 18°C on 
infected fish 24 hours after infection 
and reduced the mortality from 95 to 24 
percent. Reduction of temperature at 
the onset of clinical signs and death 
reduced mortality to 58-78 percent. In 
some instances where a fish farmer has 
cool water available and recognizes the 
signs of CCV, it may be possible to 
reduce the mortality by introducing 
cool water onto the population. How- 
ever, the best means of combating 
CCVD is through avoidance of infected 
stocks. Detection of potential carriers is 
not possible through direct virus isola- 
tion. Broodfish previously associated 
with CCV epizootics had high levels of 
CCV specific antibody, therefore a 
serological approach may be possible to 
detect potential reservoirs of CCV. 
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Serological Screening of 


Channel Catfish Virus 


STEWART McCONNELL and JACK D. AUSTEN 


ABSTRACT—Disease-free channel catfish, |ctalurus punctatus, were used to 
study the pathogenesis of channel catfish virus disease and to determine a median 
lethal dose for exposed 30-day-old hatched fry. We were unable to establish an 
LD.,, using fertile eggs and 30-day-old fry which were maintained under disease- 
free conditions. This data suggests that the high mortality seen in infected catfish 
under natural conditions is not due solely to the virus but results from concurrent 


infections and environmental conditions. 


In an effort to study in depth the 
pathogenesis of channel catfish virus 
(CCV) we attempted to: 1) Obtain 
disease-free fish, 2) develop the 
methodology for characterizing the in- 
fecting virus, and 3) assay the host re- 
sponse. 

Our first need was a source of fish 
free of active or latent CCV and/or ad- 
ventitious agents and diseases. We also 
wanted to raise these fish under labora- 
tory conditions. The starting virus pool 
had to be characterized and purified. 
We obtained a pool of CCV from John 
Plumb! and used the plaque technique 
to clone the virus. 

Our problems began when we tried to 
interpret our serological data and to es- 
tablish disease and lethality patterns for 
the plaque-purified virus pool. We 
needed to choose: 1) A screening 
method to serologically define a popu- 
lation of fish with statistical validity, 
and 2) an assay technique to find latent 
infections and evidence of previous ex- 
posure to CCV. 


SCREENING PROCEDURE 


All serum samples were screened at a 
1:8 dilution against a calculated chal- 


‘Auburn University, Auburn, Ala. 


30 


lenge of 10 tissue culture infective 
doses (TCID,,) of CCV in a tube sys- 
tem using a minimum of three tubes per 
point. The design was based on our 
experience with a number of mamma- 
lian herpesviruses which we routinely 
screen. We have used this test for the 
last 3 years. As a part of this investiga- 
tion, we screened a number of serum 
samples obtained from adult channel 
catfish, /ctalurus punctatus, from the 
Ft. Worth, Tex. area. These specimens 
were provided by J. P. McCraren? as 
part of a cooperative study. The accep- 
tability of the results of the serological 
tests reported by our laboratory were 
questioned because our serum neutrali- 
zation (SN) method was not in agree- 
ment with the 1974 recommendations 
of the CCVD Technical Procedures 
Committee.* 

The criteria set up at the Denver 
meeting of the CCVD team for identify- 
ing a positive antibody response spec- 
ified the use of a 1:100 serum dilution 
inoculated with 100-TCID,,. I think 


2U.S. Fish and Wildlife Service, San Marcos, 
Tex. 

3CCVD Technical Procedures Committee Meet- 
ing, Denver, Colo. 1974. (American Fisheries 
Society, Fish Health Section Meeting, U.S. Fish 
and Wildlife Service, 1975.) 
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the test is not sensitive enough for most 
herpesviruses. We did not get that kind 
of antibody response normally, not 
even in fish that we hyperimmunized 
against CCV using virulent CCV in a 
water-in-oil adjuvant (Tween 80 - 
Arlacel-sterile mineral oil)*. The 
maximum antibody titers obtained 
ranged from 1:64 to 1:128. 

Table 1 shows the results of our CCV 
antibody screening technique, and the 
data demonstrates the potential of the 
screening method. As can be seen in the 


Table 1.—Comparison of tube serum neu- 
tralization screen test to log neutralization 
index test. 


Fish Tube 
serum screen 


18 32/3 
19 0/3 
24 0/3 
26 0/3 
27 2/3 
32 0/3 
41 0/3 
43 0/3 
44 0/3 
46 0/3 
47 1/3 
0/3 
0/3 
2/3 
1/3 
1/3 





Interpre- 
tation’ LNI2 





HHL ttheteetee ti erete i 





'— = no antibody; + = suspicious; + = anti- 


body. 

LNI = log neutralization index. 

3Number of tubes with cytophathic effect 
(CPE) over total. 

‘Tested by the plaque reduction (90 percent) 
method. 


table, all samples registered by the tube 
test as positive gave significant log 
neutralization indices (LNI) when 
tested in this manner. One sample, fish 
serum No. 44 tested only by the plaque 
reduction test neutralized 4 log,, of 
virus (90 percent of the plaque forming 
units present) as compared to the con- 
trol titration. The test errs in the plus- 
minus area where significant LNI were 
obtained in two of the three specimens 
recorded as suspicious. 


4Reference to trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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CCV = Channel catfish virus 


PBS = Phosphate buffered saline 


Figure 1.—Schematic of egg and fish hatch 
and channel catfish virus (CCV) challenge. 
Challenge and control (phosphate buffered 
saline, PBS) exposures—immersion in beak- 
ers for 1 hour at 25°C. 


ATTEMPTS TO ESTABLISH 
AN LD,, 


Another problem was to attempt to 
establish an LD,, for cloned CCV in 
laboratory-raised fish. Establishment of 
an LD,, is important for the perfor- 
mance of back-challenge studies. 


We screened a sizable number of fish 
from a hatchery with no known history 
of CCV. We found no evidence of 
CCV antibodies in the fish sampled. 
We obtained eggs from the hatchery 
and transported them to our laboratory 
tanks where equipment and hatching 
water were checked bacteriologically 
for freedom from contaminating or- 
ganisms in an effort to establish and 
develop disease-free fish. 

Lethality and pathogenesis were 
studied using two modes: 1) virulent 
CCV challenge of egg clutches, and 2) 
virulent CCV challenge of sac fry ob- 
tained from these egg clusters. A flow 
diagram for the CCV challenge is illus- 
trated in Figure 1. 

Three separate spawns of eggs were 
challenged with CCV using an immer- 
sion period of | hour. The first and third 
spawns were challenged with 1,000 
TCID,, of virus, and the second spawn 
was challenged with 100 TCID,,,. After 
exposure to the virus, fluid was de- 
canted, the eggs returned to a holding 
aquarium, and the batch was allowed to 
proceed. Samples of CCV and phos- 
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Table 2.—Results of egg channel catfish virus challenge 
studies. 


Table 3.—Results of channel catfish virus studies on 
30-day-old catfish. 





Virus 
reiso- 
lation? 


Fish sick 
or dead 
on hatch 


All dead 
within 
5 days 
None + +3 
None + + 


Challenge 


Sample dose’ 





1 Eggs 
2 Eggs 
3 Eggs 
Controls 
(1-3) 


3.5 logs No 
2.5 logs No 
3.5 logs No 


Eggs PBS No None + + 


13.5 logs = 3,160-TCID,, /0.1ml; 2.5 logs = 316-TCID,,/0.1 
ml; PBS = phosphate buffered saline—also used as virus 
diluent; TCID = tissue culture infected doses 

2Days sampled = 1 through 7 

3+ + = approximately 75 percent of all hatched fish sur- 
vived. No difference between CCV-challenged eggs and 
PBS controls. 





phate buffered saline (PBS) exposed 
eggs were collected immediately after 
exposure and at 24-hour intervals 
thereafter for 7 days. 

The first phase of the study examined 
the susceptibility of fertilized eggs to 
CCV. The estimated number of eggs 
per group was 1,300 (CCV) and 1,300 
(PBS) for group 1; 2,600 (CCV) and 
3,600 (PBS) for group 2; and 2,400 
(CCV) and 3,000 (PBS) for group 3. 
The number of hatched fish were: 
Group 1, 1,000 and 1,100; Group 2, 
1,950 and 2,700; and Group 3, 1,800 
and 2,250 with an average hatching 
survival of 75 percent. 

Exposure or fertilized eggs to CCV 
by submerging them in either a 100 
TCID,,/ml (group 2) or 1,000 
TCID,,/ml (group 1 and 3) virus sus- 
pension did not result in the expression 
of overt disease, nor interfere with the 
resultant fry. The results of these chal- 
lenge studies are shown in Table 2. No 
egg sample or resultant sac fry collected 
during the experiments yielded infec- 
tious virus on reisolation efforts, nor 
were we able to reisolate virus from the 
aquatic environment. All samples as- 
sayed were subpassaged three times be- 
fore being considered negative for 
CLV. 

In the second phase of the study the 
hatched fry (groups 2 and 3) were sub- 
divided into four subsets and half of 
them challenged with the same dose of 
CCV as used for the egg clutch studies. 
For easy reference they were sub- 
divided as follows: Progeny from the 
PBS egg control group were divided 
into a control subset (A) and inoculated 


Challenge 
dose 


Fish sick 


Group’ Sample? Virus or dead 


2A fish PBS no none 
2B fish 2.5 logs no none 
2C fish 2.5 logs yes? yes 
2D fish PBS no none 





3A fish PBS no no 
3B fish 3.5 logs yes* yes 
3C fish 3.5 logs yes® yes 
3D fish PBS no no 





'A = control (PBS); B = egg control, 1st challenge; C = CCV 
egg, rechallenge; D = CCV egg, PBS control 

2Daily sample size = 8-10 fry 

3Days 4, 7, and 8 postinfection 

4Day 3 postinfection 

5Days 3, 4, and 6 postinfection 


subset (B) while progeny from the pre- 
viously challenged group were divided 
likewise into a control subset (D) and 
into a rechallenged subset (C). The re- 
sults are shown in Table 3. 

Daily samples of randomly collected 
fry (8-12/day) were negative for virus 
in three of the four subsets in group 2. 
Virus was isolated, however, from ap- 
parently healthy fish in subset C col- 
lected on days 4 and 7. 

Group III subset C registered virus 
on days 3, 4, and 6. The samples as- 
sayed on the third and fourth day sam- 
pling periods were positive for virus 
although no significant death pattern 
had occurred up to this period. Interest- 
ingly the death of 100 fry occurred in 
this group between days 4 and 5 post- 
challenge and more specifically be- 
tween 7 and 16 hours postsampling on 
day 4. In addition, virus was also iso- 
lated from Group III subset B (day 3), 
however no overt clinical disease was 
evident nor were any virus-associated 
deaths observed. All virus isolates were 
subsequently identified as CCV by the 
SN test. However, the mortalities were 
not consistent and pathogenesis studies 
with these fish were discontinued. 

Later, additional fish from the same 
supplier and the same age hatch were 
purchased and stabilized in the labora- 
tory. We attempted to determine an 
LD,,, for our cloned CCV by 1) immer- 
sion of the fish in log dilutions (1 
through 7) of virus (1 hour at 27°C) and 
maintenance of these challenged fish at 
the same temperature; and 2) by intra- 
peritoneal (IP) inoculation (0.05 ml) of 
log dilutions of the same virus pool. 





LD,, DETERMINATION 
RESULTS 


We were unable to establish an LD, 9. 
Our results can be summarized as fol- 
lows. 


Trial 1: immersion for 1 hour at 27°C 
(12/point). 

A) Held 17 days with two deaths, one 
on day 6 and one day 7, both at 
10-?. Virus reisolated and identified 
by SN [(107/ml)—challenge titer]. 

B) Reexposed a second time to the 
same virus dilution, observed 10 
days longer; no deaths resulted (titer 
10°/ml). 

Trial 2: IP, 0.05 ml, 10° through 
10-%. All died within 24 hours, cause 
undetermined. 

Trial 3: IP, 0.05 ml 10~> through 
10%. 

A) Titer of pool 10°°/ml (12 point). 
No deaths in 7 days. 

B) Reinoculated the same groups on 
day 8 using 10~* through 10~° dilu- 
tions. One death on day 6 at 10% 
dilution. 

C) Fifteen days after intitial expo- 
sure. Flumethasone 0.5 mg (an anti- 
inflammatory adrenocortical steroid) 
was added to the 10~? tank and to 
the PBS control tank. These were 
observed for 12 days. No disease. 
(Note: Each tank had 12 gallons of 
water when the corticosteroid was 
added.) 


D) Challenge these fish with a one 
pass field isolate 29 days after initial 
exposure. Observed an additional 30 
days with no death or illness seen. 
(Titer 10°5/ml.) 

E) Blood was collected from caudal 
vein of these fish, pooled, and al- 
lowed to clot. Serum extracted from 
this blood was assayed for antibody 
to CCV. Pooled sera showed sig- 
nificant levels of antibody by the log 
neutralization index test. 


DISCUSSION 


Perhaps our challenge techniques 
have been insensitive. Immersion times 
of longer than 1 hour or injections of 
greater than 0.05 ml may precipitate a 
more consistent mortality. We found at 
this size and age any quantity of fluid in 
excess of 0.05 ml either just leaked out 
or, if great enough, the fish were blown 
apart from fluid pressure. Regardless, 
we were unable in any of our trials to 
establish an LDso with our pools of 
CCV. 

Failure to establish an LD) may be 
attributed either to: A) Genetic resis- 
tance of the fish used; B) the fish may 
have had latent infections, thus creating 
a resistance to reinfection; C) modifica- 
tion of the virulence of cloned CCV; or 
D) high mortality in naturally infected 
catfish due to another infection rather 
than to CCV alone. 

Genetic resistance in catfish had been 


suggested earlier and this feature merits 
further study. We may have modified 
the virulence of our virus by plaque 
purification, but comparative studies 
with field isolates indicates little if any 
strain differences exist. The develop- 
ment of SN antibody confirms an expo- 
sure to the virus accompanied by an 
immune response albeit without clini- 
cal evidence of illness and a low mortal- 
ity index. 

We must define a way to establish the 
presence of latent infections in fish. My 
contention is that the high mortality 
seen in infected catfish under natural 
conditions is not due solely to CCV, but 
results from intercurrent infections plus 
environmental stresses. In many in- 
stances we have attempted to isolate 
virus from so-called outbreaks of CCV 
and have failed. We have never failed 
to isolate a number of other contaminat- 
ing organisms. 
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A Herpesvirus Disease of 
Green Sea Turtles in Aquaculture 


HAROLD HAINES 


ABSTRACT—Hatchling green sea turtles, Chelonia mydas, in aquaculture are 
affected, early in life, by a herpesvirus disease called gray-patch disease. Gray- 
patch disease is primarily a cutaneous disorder which may, in some animals, 
become severe enough to cause death. The cutaneous lesions typically occur in 
epizootic fashion and upwards of 60-95 percent of separate groups of hatchlings 
may be affected. There is no cure and the lesions generally resolve spontaneously 
in animals that do not die. The morbidity and mortality level is dependent upon the 
degree of stress which the animals undergo. Elevated water temperature appears 
to be the most important of several possible stress factors. An inactivated viral 
vaccine has been developed which holds promise for prevention. 


For the past 9 years, there has been a 
serious attempt to commercially farm 
the green sea turtle, Chelonia mydas, 
on a large farm Cayman turtle farms 
(e.g., Mariculture, LTD.'), on the Is- 
land of Grand Cayman in the British 
West Indies. This farm is raising green 
sea turtles from hatchlings to marketa- 
ble size in a total period of approxi- 
mately 3 years. For the most part, the 
turtles are raised under stressful condi- 
tions of intensive crowding, high or- 
ganic pollution, and fluctuating water 
temperatures, conditions which favor 
the outbreak of infectious diseases. 

Over the past 4 years, we have 
studied some of these diseases to iden- 
tify the etiologic agents and establish 
programs of prevention or control. 

Table | lists the major diseases seen 
on the turtle farm and their presumed 
etiological agents, if known. By far the 
most intensively studied of these dis- 
eases has been an herpesvirus disease 
which affects the turtles during their 
first year of life. Before describing the 
herpesvirus disease, it is important to 
point out the nature of the farm facilities 


‘Reference to trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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and describe some of the farm opera- 
tions which may contribute to indi- 
vidual outbreaks. 


TURTLE FARM 
FACILITIES AND OPERATIONS 


The commercial turtle farm is lo- 
cated on approximately 4 hectares (10 
acres) of land. The holding facilities are 
composed of 170 concrete and plastic 
tanks and pens of varying capacities 
ranging from 454 liters to 340,650 liters 
(120 gallons to 90,000 gallons). At the 
same site, there are 7.57 million liter (2 
million gallon), man-made breeding 
ponds which hold large breeding ani- 


Table 1.—Diseases commonly seen in commer- 
cially raised green sea turtles. 





Causative 
agent 


Tissues 
affected 


Skin, 
shell 


Disease 





Gray-patch Herpesvirus 


Skeletal 
muscles 


Virus? 
Clostridium? 


Floppy-flipper 


L.E.T Lungs, eyes, 
throat, 
ear 


canals 


Herpesvirus? 


Coccidia 
(Caryospora 
chelonia) 


Gastrointes- 
tinal tract 


Coccidiosis 


Skin lesions Skin Fungi, 


Bacteria 





mals. A beach for egg-laying breeders, 
a slaughterhouse, a hatchery, a new- 
born tank area, and the stock farm are 
also located on the 4-hectare site, along 
with administrative facilities and a 
tourist shop. There is a pumping system 
which circulates approximately 9.46 
million liters (2.5 million gallons) per 
hour of fresh seawater, drawn directly 
from the Caribbean, through the pens 
and tanks. The water is circulated 
through the farm, and allowed to empty 
into the ocean at an effluent canal ap- 
proximately 400 m (0.25 mile) from the 
inflow pipes. At any given time, there 
are upwards of 50,000-100,000 green 
sea turtles of all ages on the farm. The 
stocking density is high: large numbers 
of turtles are housed in each tank, some 
of the larger tanks holding up to 2,000 
turtles. 

During daily operations, turtles are 
frequently moved from tank to tank, 
and various groups of animals may be 
mixed. Feeding is done on a daily basis, 
and uneaten food often settles to the 
bottom of pens or tanks where residue is 
removed by mechanical means. 

The general operations of the farm 
and handling of the turtles appear to 
play an important role in disease pro- 
duction. In the past, wild turtle eggs 
were brought in from various beaches 
(Costa Rica, Surinam, and Ascension 
Island), and young turtles were hatched 
on the farm from these eggs. It is possi- 
ble that some of the organisms currently 
found on the farm were incidentally 
transported with the eggs from various 
parts of the world. In addition, turtles 
derived from the different natural 
beaches were often mixed after hatch- 
ing, a situation which may reinforce 
spread and maintenance of infectious 
organisms. 

Today, a portion of the turtle eggs are 
still brought in from the wild, from 
Surinam only, and numbers of the 
young turtle stock are now obtained 
from eggs that have been laid on the 
farm by large breeders. It is projected 
that the turtle farm will become self- 
sufficient by 1980 and that all new 
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hatchlings will come from farm-laid 
eggs. Since the breeding pond and the 
beach upon which nests are built are 
located at the same site as the stock 
farm, a situation exists in which disease 
organisms can spread to the breeders, 
and perhaps to the eggs, from stock 
animals, either by aerosol sprays pro- 
duced from the circulating seawater, or 
perhaps by insects, wild birds, or ro- 
dents. 

A young hatchling turtle is very 
small, only a few ounces in weight. In 
3-3% years, the baby turtles reach the 
size of approximately 45 kg (100 
pounds); then they are usually 


slaughtered. There is generally a large 
mortality during the first year of life. 
Much of this loss is apparently caused 
by a herpesvirus infection to which we 


Figure |.—Gray-patch disease in young sea turtle showing 
*‘pustular’”’ lesions on neck and flippers. 


Figure 3.—Histology of gray-patch disease is typical of a herpes- 
virus infection. H & E stain. 


have given the name of gray-patch dis- 
ease (Table 1). 


GRAY-PATCH DISEASE 


Clinical and 
Histological Picture 


Details of the clinical and histologi- 
cal pictures of gray-patch disease, the 
discovery of a herpesvirus in the le- 
sions, and the artificial transmission of 
the disease have been published (Rebell 
etal., 1975). Gray-patch disease occurs 
in two forms. One form is a pustular- 
like lesion which is found on the skin of 
the neck and flippers of young turtles 
(Fig. 1). The disease in this form is 
benign, and does not seem to harm the 
turtle. Generally, these lesions resolve 
spontaneously. The second form of the 


disease is manifested in a more exten- 
sive lesion in which obvious grayish 
patches are seen (Fig. 2). There may be 
spreading of these gray patches to large 
areas of the epidermal surface of the 
turtle, and in the most severely affected 
turtles, the complete epidermal surface 
may be covered. Often, these animals 
die from the disease. 

The histological appearance of these 
lesions is typically one of a herpesvirus 
infection (Fig. 3) in which there are 
large cells containing nuclear inclusion 
bodies in the epidermis of the affected 
animals (Fig. 4). One receives the im- 
pression that if these animals were not 
living in an aquatic environment, the 
lesions would develop into distinct blis- 
ters, similar to those seen in the com- 
mon herpesvirus infections of man, 


Figure 2.—Gray-patch disease in young green sea turtles showing 
spreading lesions on flippers and neck. 


Figure 4.—Histology of gray-patch disease. Note large cells and 


intranuclear inclusion bodies. H & E stain. 


Marine Fisheries Review 





such as herpes simplex or chicken pox. 
However, because of the aquatic envi- 
ronment, there is no epidermal roof to 
the gray-patch lesion, and any fluid 
which might form into a blister is 
quickly washed away. It is interesting 
to note that these lesions are truly epid- 
ermal in nature, and do not involve the 
dermal areas. No scars are formed on 
the skin of animals in which the lesions 
spontaneously resolve, unless as occa- 
sionally happens, the lesions become 
infected with bacteria or fungi which 
may invade the dermal area and deeper 
tissue. 


Presence of Virus 
in the Lesions 

Scrapings obtained from the gray- 
patch lesions, and examined by elec- 


Figure 5.—Electron micrograph of a herpes-type virus in scraping 


from gray-patch lesion. 


Figure 7.—Scratch-inoculated flipper showing gray-patch lesion 


along scratch line. 
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tron microscopy, show numerous 
herpes-type viruses. Figures 5 and 6 are 
electron photomicrographs which show 
the typical appearance of the gray-patch 
disease herpesvirus. Figure 6 is a higher 
magnification. As the electron photo- 
micrograph illustrates, the viruses have 
a distinct capsid structure containing a 
nucleoid. The nucleocapsid is sur- 
rounded by an envelope. There also ap- 
pear to be numerous empty capsids in 
lesion scrapings. 

Because of the contaminated nature 
of the aquatic environment, bacteria 
also appear in gray-patch lesions. The 
bacterial flora of the lesions appears to 
change, depending upon the surround- 
ing conditions, and we have never been 
able to show that a given strain of bac- 
terium is a consistent inhabitant of the 


type virus shown in Figure 5. 


gray-patch lesions. Apparently, the le- 
sions provide a suitable tissue for sec- 
ondary infection and new bacteria come 
in as old ones are displaced. As men- 
tioned, an occasional secondary bacte- 
rial infection does become so severe as 
to initiate deep scarring. 


Transmission Studies 


To prove that gray-patch disease is 
caused by the herpesvirus found in the 
lesions, we carried out transmission 
studies in which antibiotic-treated or 
filtered gray-patch lesion scrapings 
were scratch-inoculated into the 
epidermis of young, susceptible turtles. 
In 100 percent of the animals inocu- 
lated, the disease was produced but not 
in mock-infected controls. The new le- 
sions produced by transmitted virus 
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Figure 6.—Electron micrograph at higher magnification of herpes- 


Figure 8.—Mock-infected scratch-inoculated control flipper. Note 


absence of lesion. 





also contained large numbers of the 
herpes-type virus, as determined by 
electron microscopy. 

Figure 7 is a flipper of an animal 
which has had the virus transmitted to 
the epidermis by scratch-inoculation 
along a line. This figure clearly shows 
the gray-patch lesion along the scratch- 
line. Figure 8 is a control flipper which 
was mock scratch-inoculated. There is 
no lesion along the scratch-line. 


Development of Natural 
Gray-Patch Disease 


There is an interesting feature to the 
artificial transmission of the turtle her- 
pesvirus. It appears that the susceptibil- 
ity of the inoculated turtle depends 
upon its age. This age dependency ap- 
parently parallels the critical times in 
the life of the turtle at which they natur- 
ally acquire gray-patch disease. 

The first critical time in the life of the 
turtle is around 2-6 weeks of age. Tur- 
tles of this age do not appear to acquire 
the typical skin lesions of gray-patch 
disease; however, there is a consistent 
level of mortality in this age group, 
usually about 20 percent. If 2-6-week- 
old turtles are scratch-inoculated with 
gray-patch disease virus, or are injected 
with the virus, 100 percent of them die 
within a short period of time. These 
animals die so quickly they do not have 
a chance to develop the typical skin 
lesions of gray-patch disease. The only 
obvious clinical sign is impacted fecal 
material in the lower intestinal tract. 
Interestingly, this is the same clinical 
sign that appears in the animals that die 
naturally during the first 2-6 weeks of 
life. This observation appears to indi- 
cate that the herpesvirus infection may 
cause a severe disease and mortality in 
some of the young turtles. Possibly the 
animals initially acquire the herpes- 
virus at this stage in their life. 

The second critical time in the life of 
the turtle is from 8 to 15 weeks of age, 
when the majority of turtles that have 
survived develop gray-patch lesions in 
one of its two clinical forms. Some of 
these turtles die, but not nearly as many 
as in the initial peak of mortality during 
the first 2-6 weeks of life. It is during 
this 8- to 15-week period that typical 
spreading gray-patch disease appears. 
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It is also during this period of time that 
we are able to obtain large amounts of 
skin scrapings containing the herpes- 
virus. This material is useful for prep- 
aration of vaccines, for transmission 
studies, and for laboratory work with 
the virus. 

Because the virus is present on the 
surface of the turtle, it is very possible 
that it is transmitted throughout the 
farm by water with new virus being 
shed constantly from infected turtles. 

It appears that the severity of gray- 
patch lesions and also the mortality rate 
depend upon stress factors to which the 
turtles are subjected. For example, if 
the animals develop gray-patch disease 
in the summer, a season in which the 
water temperature of the tanks is high 
(around 30°C), the lesions appear to be 
very severe, and there is also a some- 
what higher mortality rate. The oppo- 
site seems to be true in the colder winter 
months. 

Turtles in the 8- to 15-week age 
group are susceptible to artificial trans- 
mission of gray-patch disease virus by 
the scratch-inoculation technique. 
When inoculated with the virus by 
scratch-inoculation, they do not die, 
but develop typical gray-patch lesions 
along the line of scratch. Thus, there 
appears to be a distinct difference in 
susceptibility in young green turtles, 
depending upon their age. Very young, 
green sea turtles (2-6 weeks of age) 
appear to be highly susceptible, and die 
as a result of artificial inoculation, 
whereas somewhat older turtles (8-15 
weeks of age) contract the disease in its 
epidermal form, and most of the time 
do not die as a result of the artificial 
inoculation. The reason for this differ- 
ence in susceptibility is not known. 

Turtles over | year of age do not have 
the natural lesions of gray-patch dis- 
ease. Interestingly, we have not been 
able to artificially transmit gray-patch 
disease to this group of turtles by injec- 
tion or by scratch-inoculation. This in- 
dicates that turtles which have gone 
through previous epizootics of this dis- 
ease have become immune. 


Origin of Gray-Patch Disease Virus 


Another point of consideration, im- 
portant both for prevention and treat- 


ment of this herpesvirus disease, is the 
question of origin of the virus. Did it 
arrive with the original eggs from the 
beaches in the wild, or is it a virus that is 
maintained on the farm, and transmit- 
ted to each successive group of hatch- 
lings? 

To answer this, we have taken sev- 
eral groups of eggs, hatched them away 
from the contaminated environment of 
the farm, raised the hatchlings in dif- 
ferent locations, and monitored them 
for naturally acquired gray-patch le- 
sions. Different groups of turtles have 
been raised in Bimini, The Bahamas, in 
Arizona, and Virginia Key and Pigeon 
Key, Fla. Each group of turtles raised in 
these diverse locations, under different 
environmental conditions, has de- 
veloped the lesions of gray-patch dis- 
ease. In general, however, because 
these animals were not in a stressful 
environment, the lesions were of the 
less extensive, pustular form. This ap- 
pears to indicate that the virus is indeed 
a natural virus of the green sea turtle, 
and possibly occurs in the wild. To 
prove this, however, it would be neces- 
sary to raise stocks of turtles from many 
more parts of the world and determine if 
they also have the virus. 


Effect of Temperature 
on Gray-Patch Disease 


It appears that the total stress load on 
the animals determines both the extent 
and outcome of gray-patch disease. As 
mentioned above gray-patch disease is 
more severe in summer months when 
the water temperature of the tanks is 
4°-5°C higher than in the cooler, winter 
months. A series of experiments was 
carried out to determine the exact effect 
of water temperature upon the onset and 
severity of natural gray-patch disease in 
young turtles. We hatched a large 
number of turtles away from the farm 
and performed a heat induction experi- 
ment in an artificial tank environment. 

The experiment was carried out in 
Tucson, Ariz., under carefully control- 
led, experimental conditions. Four 
groups of 8-week-old green sea turtles, 
randomly selected, were subjected to a 
series of temperature changes and mon- 
itored for subsequent gray-patch dis- 
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ease development (Haines and Kleese, 
1977). 

One group of 52 animals was held in 
water at a constant temperature of 
25°+0.5°C. These were the control 
animals. A second group of animals 
was subjected to a water temperature 
increase from 25° to 30°C at a rate of 1° 
per day. They were then left for 3 days 
at 30°C and subjected to a decrease 
from 30° to 25°C at the same rate of 1° 
per day. A third group was subjected to 
the same gradual temperature increase 
of 1° per day from 25° to 30°C but 
maintained at 30°C for the duration of 
the experiment. A fourth group was 
taken immediately from water at 25°C 
and placed in water at 30°C, left 
for 4 days at 30°C, and then returned 
directly into water at 25°C. These ani- 
mals were, in essence, temperature 
**shocked.’” Each group was observed 
for the development of gray-patch le- 
sions over a period of 48 days. 

The animals subjected to tempera- 
ture shock treatment and those which 
were subjected to a gradual increase to 
30°C, and maintained at 30°C, had an 
earlier onset of disease, with more se- 
vere lesions, than either the control 
group or the group of animals which 
were subjected to a gradual increase to 
30°C and then brought back down to 
25°C. This is good evidence that heat is 
one of the stress factors which induce 
gray-patch disease and that higher 
water temperatures tend to increase the 
severity of the lesions. It must be 
pointed out that this experiment was 
carried out under ideal conditions for 
the turtle, in terms of stress. There were 
no other stress factors that were applied 
to the animals other than water tempera- 


ture changes. Under actual aquaculture 


conditions on the turtle farm, a variety 
of other stress factors may have a cumu- 
lative effect upon the severity of the 
disease and upon the mortality rate. It 
appears, however, that water tempera- 
ture may be the major stress factor that 
triggers gray-patch disease. 


Vaccination Attempts With 
Gray-Patch Disease Virus 


We have also produced an inacti- 
vated vaccine from gray-patch disease 
virus (Haines et al. unpubl. manuscr.”). 
Scrapings from animals with active dis- 
ease were semipurified and the virus 
was injected into young, susceptible 
animals which were subsequently chal- 
lenged by the scratch-inoculation 
technique. Intramuscular injections of 
dead gray-patch virus protects against 
challenge with active gray-patch mate- 
rial in inoculated animals. These pre- 
liminary trials have shown that the inac- 
tivated virus vaccine is feasible for 
farm-wide use. 


Attempts to Isolate 
Gray-Patch Disease Virus 


We have carried out many attempts 
to isolate the turtle herpesvirus in cell 
culture. Primary green turtle kidney 
cells, primary green turtle lung cells, 
and primary green turtle skin cells have 
been used as potential susceptible cell 
types. We have also used a large 
number of other mammalian, reptilian, 


*Haines, H. J. Wood, F. Wood, and R. Koment. 
1976. Inactivated virus vaccine from sea turtle 
gray-patch disease scrapings. Unpubl. manuscr. 
12 p. School of Medicine, University of Miami, 
Miami, FL 33152. 


and fish cell lines. The only cells in 
which we have been able to achieve a 
constant infection showing consistent 
cytopathic effect are green turtle skin 
cells which have been passed in the 
laboratory numerous times (Koment 
and Haines, in prep.). Very recently, 
my associate, Roger Koment, has suc- 
ceeded in taking material from these 
turtle skin cultures, and successfully in- 
fected young turtles by the scratch- 
inoculation technique. The inoculation 
produced new gray-patch lesions in the 
animals. So, it appears that the virus 
does, in fact, replicate in some cell cul- 
tures, although the replication is 
difficult to detect by normal methods. 


SUMMARY 


In summary, an epizootic herpes- 
virus disease of farmed green sea turtles 
has been described. This disease, 
which has been named gray-patch dis- 
ease, affects young sea turtles, with the 
highest mortality and most severe le- 
sions seen in animals that have been 
subjected to higher water temperatures. 
Controlled laboratory experimentation 
proved that high water temperature af- 
fects both the onset and severity of the 
lesions. An inactivated virus vaccine 
appears to protect against challenge 
with the herpesvirus, and it is possible 
that the disease may be controllable by 
vaccination of young turtles. 
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Incidence of Disease in Warmwater Fish 
Farms in the South-Central United States 


F. P. MEYER 


ABSTRACT—Case records for the years 1963-68 from the diagnostic laboratory 
at the Fish Farming Experimental Station, Stuttgart, Ark., were studied to determine 
seasonal incidences and/or interrelationships between various disease conditions. 
Seasonal occurrences were recorded for Trichodina, Ichthyophthirius, Scyphidia, 
Plistophora, Costia, Gyrodactylus, Dactylogyrus, Cleidodiscus, and Lernaea. 
Summer infections of Aeromonas hydrophila showed a relationship to periods of 
oxygen depletion or low oxygen stresses. Graphs are presented identifying months 
when disease problems are most likely to occur and methods of avoiding out- 
breaks are discussed. Relationships between occurrences of particular organisms 
and water temperature, spawning seasons, and other stress periods are noted. 

The greatest incidence of disease was in April which had almost 50 percent more 
cases than July, the next highest month. Outbreaks occurred regularly throughout 
the period from March through July. Seventy-two percent of all cases occurred 
during these months. Only Lernaea and myxobacterial infections had their greatest 


incidence outside this period. 


Warmwater fish culture is, to a major 
extent, restricted to pond culture. 
While the incubation of eggs and rear- 
ing of larval stages of some species may 
be done in artificial systems, upwards 
of 95 percent of all warmwater fish pro- 
duced in the United States are reared in 
pond facilities. 


INCIDENCE OF DISEASE 
ON FISH FARMS 


The incidence of disease on fish 
farms has been documented by Meyer 
(1970) and Rogers et al. (1971). April 
is the most troublesome month of the 
year. Nearly one-fifth of all case his- 
tories recorded over a 5-year period at 
the Fish Farming Experimental Station, 
Stuttgart, Ark., occurred during this 
period. The number was one-third 
greater than during July, the next high- 
est month. The season from 1 March 
through July is a continuous period of 


potential danger to fish stocks. This 
period embraces the spawning seasons 
of golden shiners (Notemigonis 
crysoleucas) and catfish (Ictalurus 
punctatus) and reflects the problems as- 
sociated with infections in or on very 
young fish. Shiners spawn in late 
March, April, and May. Catfish begin 
spawning in late May and may continue 
through June into July. 

It is relevant that large numbers of 
fish are handled during March and 
April, either for marketing, for stock- 
ing of broodfish, or for stocking fingerl- 
ings in rearing ponds. This handling 
stress is believed to be a factor in initiat- 
ing some of the problems during this 
time of the year. 

The low number of disease cases dur- 
ing December results from several fac- 
tors. The harvest of fish from rearing 
ponds drastically reduces the number of 
stocked ponds during November and 


December. Fish which are not mark- 
eted at harvest are usually placed in 
holding ponds for winter storage, often 
under heavily crowded conditions. Ap- 
parently, parasite burdens do not have 
ample time to develop to troublesome 
levels in storage ponds until some time 
in January. The jump from three cases 
in December to 64 in January is be- 
lieved to be a direct reflection of winter 
storage conditions (Meyer, 1970). 


INCIDENCE OF 
PROTOZOAN INFECTIONS 


Protozoans constitute the major 
etiological agents and were involved in 
53 percent of the observed cases. Their 
primary effect is greatest on very young 
fish; hence, the peak incidence of pro- 
tozoan epizootics occurs during and 
immediately following spawning 
periods of both shiners and catfish (Fig. 
1). 

Danger of parasitism is high from 
March through July. Young fish are 
vulnerable to diseases of parasitic ori- 
gin and are involved in the majority of 
cases. Since the danger period em- 
braces the spawning period of both 
shiners and catfish, the importance of 
having parasite-free broodfish cannot 
be overemphasized. Treatments should 
be made periodically throughout the 
year to keep parasite burdens on 
broodfish to a minimum. The effective- 
ness of prophylactic treatments is em- 
phasized by a lower incidence of parasi- 
tic diseases on fish farms where 
prophylactic measures and sanitation 
were practiced. 


INCIDENCE OF 
BACTERIAL INFECTIONS 
AND OXYGEN DEPLETIONS 


Parasitic diseases cause the greatest 
number of cases but their overall 
economic effect is much less than that 
of bacterial disease (Fig. 2). Problems 
of parasitic etiology are usually less 
acute (although nonetheless serious) 
and the owner often has an extended 
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Figure 1.—The monthly incidence of selected protozoan infections reported on 
warmwater fish farms during a 5-year period. 


period during which diagnosis and 
treatment are possible. This is not true 
in the case of bacterial disease. The 
course of most bacterial diseases is 
rapid and terminal unless early diag- 
nosis and prompt treatment are applied 
(Robinson et al., 1970). 

Next to the danger of oxygen deple- 
tion, bacterial disease must be consi- 
dered as a major threat to the successful 
production of edible-sized fish. 

Pseudomonas infections occur in- 
frequently throughout the year but are 
not abundant enough to indicate any 
periodicity. 

Aeromonas hydrophila infections are 
most prevalent during June, July, and 
August, but a peak has also been noted 
in April. This two-peak occurrence 
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reflects differences in hosts. Outbreaks 
in April are usually associated with 
spawning activity of golden shiners but 
may also reflect temperature stresses as 
suggested by Snieszko (1954). Epizoo- 
tics in June, July, and August involve 
catfish in rearing ponds and coincide 
with periods when oxygen levels are 
lowest. The bacterial infections occur 
from 10 days to 2 weeks following the 
period when the fish have been sub- 
jected to stresses associated with low 
levels of dissolved oxygen. While total 
depletions cause mortalities due to suf- 
focation, oxygen levels of 3 ppm or less 
will cause severe stress. 

The apparent coincidence of parasi- 
tic reproduction with fish spawning in- 
dicates that fish culturists should 


examine stocks of fry and small finger- 
lings for the presence of parasites. Fail- 
ure to do so can result in major losses. 

Parasite problems encountered in 
young-of-the-year fish can, with few 
exceptions, be traced to parasitized 
broodfish. Some farmers, who make no 
effort to reduce the number of parasites 
on adult fish prior to spawning, suffer 
losses of 1-hour-old-catfish fry due to 
Trichodina. Open-pond spawning 
methods in which adults and their 
offspring are left in the same pond 
throughout the growing season also re- 
sult in more parasite problems than the 
practice of moving egg-laden mats (in 
the case of shiners) to rearing ponds or 
the use of artificial hatching units for 
catfish. 

Trichodina is the most commonly 
encountered protozoan parasite and is 
especially serious to young fish. Newly 
hatched channel catfish fry have been 
observed to be so heavily infected with 
this parasite that the fish do not survive 
beyond | hour. Young golden shiners 
which are heavily infected usually fail 
to feed. Trichodina also causes prob- 
lems to crowded fish held in winter 
storage ponds, as evidenced by the 
number of cases during January. 

Farmers who hold fingerlings and 
broodfish in the same ponds often en- 
counter ‘‘Ich’’ disease. The occurrence 
of wild fish in rearing ponds is consi- 
dered to be a primary factor in the intro- 
duction of Jchthyophthirius. Farmers 
who are successful in preventing the 
entry of wild fish have fewer parasite 
problems. 

This low oxygen stress is considered 
to be a major factor in outbreaks which 
occur in rearing ponds and gives a 
further indication of the relationship of 
disease to water conditions in the 
ponds. Low oxygen levels in ponds 
pass unobserved on many fish farms 
and the role of low oxygen in initiating 
bacterial infections is often unsus- 
pected. Periods during which low oxy- 
gen levels are common correspond to 
the periods indicated on the graph for 
oxygen depletions. The number of oc- 
currences of sublethal oxygen deple- 
tions, however, is actually much 
higher. 
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Figure 2.—The monthly incidence of bacterial infections, oxygen depletions, 
Lernaea and monogenetic trematode infestations reported on warmwater fish 


farms during a 5-year period. 


Myxobacterial infections are com- 
mon on golden shiners during their 
spawning season and occur on channel 
catfish fingerlings after handling in 
April. A second and somewhat broader 
peak involves both species of fish dur- 
ing June, July, and August, again cor- 
responding closely to periods when 
pond conditions are poorest and oxygen 
levels are lowest. Although ice cover is 
uncommon in the fish farming area, 
outbreaks of myxobacterial infections 
occur whenever ice persists for longer 
than 7 days on storage ponds. De- 
teriorating pond conditions under the 
ice are believed to be related to the 
onset of infections due to myxobac- 
teria. 


ANTIBIOTICS USED 
AS PROPHYLACTICS 
Infections associated with stocking 
or handling can be reduced if handling 
is delayed until the fish have received a 
regimen of antibiotic treatment. Al- 
though spring stocking may be delayed 
slightly, the increased survival rate 
should more than justify the delay. 
Stresses due to handling may cause a 
bacterial infection to progress from a 
chronic to an acute stage. Similarly, 
fish handled in the summer frequently 
develop infections similar to bovine 
shipping fever syndrome. Antibiotic 
medication for 10 days prior to hand- 
ling serves as an excellent preventive 
measure. 


Stresses associated with low oxygen 
levels can be combated in a similar 
way. On well-managed fish farms, dis- 
solved oxygen levels are usually moni- 
tored regularly. Anytime the level has 
dropped rapidly, the farmer should 
realize that the fish have been subjected 
to a significant stress which will likely 
lead to bacterial disease. Again, an- 
tibiotic therapy is indicated. 

Losses of broodfish can usually be 
traced to physiological stresses and 
physical abuse during the spawning 
season. Feeding adult fish a medicated 
ration for a 10-day period prior to hand- 
ling or to the onset of spawning should 
reduce losses significantly. If this is not 
possible, an intraperitoneal injection of 
25 mg of Terramycin’ per pound of 
body weight will also combat Aero- 
monas infection. 

While the role of oxygen levels in the 
incidence of A. hydrophila infections 
appears obvious, the carbon dioxide 
role of spawning stresses, tempera- 
tures, pH changes, high carbon 
dioxide, sulfides, and other decomposi- 
tion products associated with low oxy- 
gen levels should also be considered as 
possible factors. 


TREATMENT DELIVERY 
SYSTEMS 


Three basic treatment regimens are 
currently used in warmwater fish cul- 
ture. 


Bath Treatment 


A bath treatment with selected chem- 
icals for the removal of external para- 
sites is the most common treatment reg- 
imen. These baths may be: 1) at low 
treatment rates for extended or in- 
definite periods; or 2) at high rates for 
rigidly specified times. Such applica- 
tions are inefficient and expensive. 
Technique 1) is usually used for pond 
applications. A ton of catfish in a l-acre 
pond averaging 4 feet deep would con- 
stitute only 0.018 percent of the mass 


‘Mention of trade names or commercial products 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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by weight. This mean that 99.98 per- 
cent of the chemical is not utilized. The 
cost factor is readily apparent. In 
technique 2), the use pattern is re- 
stricted to small tanks or raceways. 
While chemical costs are usually low, 
labor and time requirements are sig- 
nificant. 


Oral Treatment 


Internal diseases of fish can be 
treated only if a delivery system is 
available to introduce the drugs inter- 
nally. This means that either the fish 
must accept the medication voluntarily 
(as with their feed) or that the medica- 
tion must be provided manually (usu- 
ally by injection). The former 
technique can be used on those species 
which accept artificial feed only so long 
as the fish are not too sick to eat. Suc- 
cess with oral delivery systems is 
directly related to early, accurate diag- 
nosis of the problem. Cost of oral deliv- 
ery systems is low and effective. Labor 
requirements are also low. 


Injection Treatment 


Treatment by injection is currently 


practiced in the United States only on 


broodstock. The high value of each in- 
dividual animal more than offsets the 
labor and time requirements of this de- 
livery system. The technique is used 
widely in Europe as a measure to pro- 
vide protection to young carp from 
bacterial disease during handling and 
stocking. It has proven effective and 
economically feasible in Europe be- 
cause of low labor costs. Injection 
techniques require the handling of each 
fish. Even with the most modern injec- 
tion systems available today, time and 
manpower requirements preclude the 
use of injection delivery systems on 
other than broodfish in the United 
States. 


Further Delivery Systems 
Development Needed 


A review of these treatment systems 
indicates the following unfilled needs. 

1) Nodelivery system exists for treat- 
ing systemic bacterial infections in 
pond-spawned fishes that do not accept 
artificial feeds. 

2) No economical delivery system 
exists for mass injection of large num- 
bers of fish prior to stocking. 

3) No efficient treatment system 


exists for treating fish in ponds for ex- 
ternal parasites or bacterial infections. 

Considerations should also include 
delivery of potential vaccines for the 
immunization of fish. Although vac- 
cines are still in formative stages, it is 
relevant that delivery systems be de- 
veloped. Under the existing state of 
knowledge, it appears that the delivery 
of antigenic materials faces the same 
limitations as chemotherapy. New de- 
livery systems and alternate cultural 
practices are needed if significant gains 
are to be achieved in improving fish 
health. 
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Enteric Red Mouth Disease 
(Hagerman Strain) 


R. A. BUSCH 


ABSTRACT — Enteric red mouth (ERM) disease of salmonid fishes is reviewed 
in terms of description of the etiological agent, pathogenesis and diagnosis of the 
clinical condition, and epizootiological considerations pertinent to its effective 
control. Recent studies defining the asymptomatic carrier state of the disease are 
discussed. Enteric red mouth disease is shown to establish an asymptomatic 
carrier state infection in the lumen of the lower intestine in 50 to 75 percent of 
epizootic survivors 60 to 65 days postinfection. This chronic carrier state is main- 
tained for more than 102 days in the experimental population. A cyclical intestinal 
shedding pattern develops with a periodicity of 36 to 40 days and serves to cause 
regular reinfection and mortality. 

A serological presumptive screening test for ERM is described. The system is 
shown to be sensitive and specific and readily adapted to the rapid screening of 
large numbers of individual small volume sera for presumptive evidence of specific 
disease association at a minimum cost and without sacrifice of fish over 15 cm in 
length. Based upon serological screen field data, ERM is shown to consistently 
develop a 2.0 to 2.7 percent carrier incidence among populations following epizoo- 
tic infection. The humoral immune response of rainbow trout to various antigenic 
preparations of the ERM bacterium is examined. Various soluble protein fractions 
are shown to be more immunogenic than lipopolysaccharide fractions. A particu- 
late cell wall antigen and several other killed whole cell antigens resulted in high 
titers while a heat-killed whole-cell preparation is shown to be nonimmunogenic. 
Serum agglutinin titers declined at a monthly rate of 9.8 percent following induction 
and were detectable for more than 9 months. Evidence is given to support the 
theory that serum agglutinins in trout are IgM-like macroglobulins. 


Enteric red mouth (ERM) disease 
was first recognized as a cause of mor- 
talities in rainbow trout, Salmo 


EPIDEMIOLOGY 


The ERM bacterium was originally 


gairdneri, in the late 1950’s in the 
Hagerman Valley of Idaho. Sub- 
sequently, the disease was studied by 
Ross et al. (1966) and Rucker (1966). 
These workers were unable to give the 
etiological agent a more definitive 
taxonomic position, but based upon 
morphological, biochemical, and 
serological data, they placed it in the 
family Enterobacteriaceae. 
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referred to as the ‘‘RM bacterium.”’ 
This terminology tended to confuse it 
with other bacterial pathogens that 
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cause a similar clinical syndrome. 
McDaniel (1971) proposed the name 
Hagerman red mouth or HRM, describ- 
ing its original range. In 1975 the Fish 
Health Section of the American 
Fisheries Society chose to remove this 
onus on the Hagerman Valley and cal- 
led it enteric red mouth disease, indicat- 
ing that the causative agent is one of the 
two major enteric pathogens of fish in 
fresh water: the other being Ed- 
wardsiella tarda. Enteric red mouth 
disease has also been referred to in the 
literature as red mouth disease, red vent 
disease, and bacterial hemorrhagic sep- 
ticemia, but in many instances, authors 
were describing a clinical syndrome 
that was often of diverse or multiple 
etiology rather than the etiological 
agent itself. 

In 1966, ERM was found to be en- 
demic to the Hagerman Valley of Idaho 
as well as the States of California, 
Nevada, Arizona, and Colorado. When 
one studies the epidemiology of this 
geographically isolated disease and its 
dissemination, one often finds that it 
was introduced with subclinically in- 
fected stocks of fish acquired from an 
area where it is endemic. As an exam- 
ple, in the middle and late 1960’s, the 
trout industry in the Hagerman Valley 
shipped large numbers of asymptomat- 
ically infected live fish to various west- 
ern states for grow-out and fish-out op- 
erations. During that time the disease 
was widely disseminated, and in recent 
years economically important geo- 
graphical range extensions and epizoo- 
tics of ERM were documented to occur 
due to transporation of asymptomati- 
cally infected stocks into previously 
disease-free areas (Wobeser, 1973). By 
1970, the originally recognized range 
of occurrence had expanded to include 
Alaska, Oregon, Utah, Washington, 
and Wyoming. More recently, it has 
been reported from British Columbia, 
Montana, Nebraska, Ohio, Saskatche- 
wan, and Tennessee. The disease has 
since been reported from various other 
places outside of North America, par- 
ticularly Italy, but these reports, to my 
knowledge, have not been serologically 
confirmed. It is significant to note that 
ERM still remains comparatively lim- 
ited in its geographical distribution on 


Marine Fisheries Review 





a worldwide watershed basis and, 
therefore, demonstrates an excellent 
potential for preventative management 
and an eradication type of program in 
comparison to other more ubiquitous 
fish pathogens. 


ECONOMIC EFFECTS 


Some causative agents of fish dis- 
eases are ubiquitous in their occurence 
and even free living in certain instances, 
while other pathogens are fairly fastidi- 
ous and geographically isolated, as is 
the case with ERM. This will have a 
definite practical bearing on how we are 
going to prevent, manage, treat, and 
handle stocks of fish infected with ERM 
and reduce the adverse economic im- 
pacts of the disease on the trout indus- 
try. 

In the Hagerman Valley, commer- 
cial fish farms located along a 35-km 
stretch of the Snake River canyon pro- 
duce about 80 percent of the commer- 
cial rainbow trout in the United States. 
These are private and highly compete- 
tive operations. It is difficult to get ac- 
curate figures, but this production 
amounts to over 9,000 metric tons (t) of 
rainbow trout a year. One hatchery that 
has just been put into operation has an 
annual production capacity of 2,250 t of 
trout based upon a flow of 9.20 m? per 
second of spring water from the aquifer 
of the Snake River plain. 

Araji (1972) did an economic study 
on the impact of disease on the trout 
industry in the Hagerman Valley and 
estimated an annual loss of approxi- 
mately $750,000 or roughly 10 percent 
of the total production costs. I have 
seen loss estimates as high as 35 percent 
of production costs and up to $2% mill- 
ion annually depending upon the opera- 
tion and management involved. It is 
interesting to note a recent study by 
Klontz and King (1975) on the exact 
nature of these losses. If you were to 
follow losses due to disease in egg, sac 
fry, swim-up and fingerling stages, and 
on up to marketable 15- to 30-cm fish, 
the total number of mortalities are 
greatest in the egg through swim-up fry 
stages and decrease as the fish get older. 
However, while the mortalities in mar- 
ketable size fish represents only 14 per- 
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cent of the total mortalities, it amounts 
to 76 percent of the costs in dollars. The 
mortality in the small fish in these 
hatcheries is mainly attributed to bacte- 
rial gill disease and_ other 
management-related conditions as well 
as infectious pancreatic necrosis, a 
presently untreatable viral disease. In 
comparison, losses in the marketable 
size fish are attributed to ERM and 
other treatable bacterial diseases. This 
concept is of primary importance in the 
consideration of the economics of dis- 
ease prevention and treatment in these 
stocks. 


CAUSATIVE ORGANISM 


Morphologically, the ERM bac- 
terium is a 1.0 X 2.0 to 3.0 wm, gram 
negative, monotrichously flagellated 
rod which forms a smooth, circular, 
raised, entire, nonflourescent, nonpig- 
mented colony on nutrient agar with a 
buterous type of growth. It is non- 
aerogenic, fermentative, cytochrome 
oxidase negative, catalase positive, and 
typical of enteric bacteria in general and 
is indole negative, methyl red positive, 
Voges-Proskauer negative, and citrate 
positive. This brings it rather closely 
down to the Erwinia group of the family 
Enterobacteriaceae. Serologically, an- 
tigenic similarities have been found 
with the somatic O antigens of atypical 
Erwinia groups 26 and 29 (Ross et al., 
1966; Cisar, 1972). 


MORTALITY AND 
TRANSMISSION 


Enteric red mouth disease has been 
known to cause mortality in all trout 
and salmon. The most susceptible host 
seems to be rainbow trout, with mortal- 
ity commonly running from 25 to 75 
percent during the course of an un- 
treated epizootic. Populations of brook, 
Salvelinus fontinalis, and brown trout, 
Salmo trutta, seem to be more resistant, 
with 5 to 10 percent mortality common. 
The bacterium has not been isolated 
from warm-water fish, even under ex- 
perimental laboratory induction. The 
disease is commonly endemic and sur- 
vives for long periods of time in organi- 
cally rich waters and, consequently, 
lends itself quite well to enzootic infec- 


tion under intensive culture situations. 
It is also commonly found as a clini- 
cally asymptomatic carrier-state infec- 
tion. 

Transmission of ERM _ occurs 
through the water from feces of infected 
fish. Pathogenesis of infection varies 
from peracute to chronic depending 
upon the temperature, stress, species, 
age, and so forth. Peracute to acute 
infection usually occur in the spring and 
early summer, usually in young-of- 
the-year fish, during periods of rising 
water temperatures, and increased 
handling stress. Mortalities usually 
commence 4 to 8 days following expo- 
sure and run between 50 and 70 percent 
during a 30- to 60-day course of clinical 
infection. Acute to subacute infections 
usually occur in yearling fish in the fall 
and early winter with declining water 
temperatures. Mortality usually runs 
about 10 to 50 percent in a 2- to 
6-month period. Chronic infection re- 
sults in very low levels of mortality, 
approximately 10 percent. However, 
these losses are often incurred in very 
valuable market-sized or mature brood 
stock fishes and, economically, a 10 
percent mortality can be significant. 


CLINICAL SIGNS 
AND PATHOLOGY 


The clinical pathology of ERM is 
quite characteristic of bacterial hemor- 
rhagic septicemias in general. By 
definition, ERM could best be referred 
to as a bacterial hemorrhagic sep- 
ticemia of salmonid fishes, caused by 
the ERM bacterium, having a very well 
defined geographical range of distribu- 
tion and endemic occurrence, and cap- 
able of inflicting severe mortality. 

The common external clinical man- 
ifestations include subcutaneous 
hemorrhaging along the base of the fins 
and in or about the oral cavity and anus. 
Exophthalmos is brought about by tis- 
sue edema. This condition is noted to 
often start unilaterally and develop to a 
bilateral involvement (Fig. 1). His- 
topathological examination dem- 
onstrates an edematous type of lesion of 
the choroid gland of the eye with an 
intraocular accumulation of fluid. This 
edema and increased intraocular fluid 





pressure induces the exophthalmic 
condition and eventually results in rup- 
ture of the eye with ensuing lens opacity 
and blindness (Fig. 2). Infected fish 
will physiologically darken in color and 
are easily identified in populations sus- 
pected as infected, particularly as car- 
riers. 

Internal gross pathology is distin- 
guished by petechial hemorrhage of the 
visceral organs and tissues including 
the liver, pancreas, adipose tissues, 
swim bladder, various coelomic mesen- 
teries, and body musculature. Gross 
tissue edema is noted in the kidney, 
liver, and spleen along with hemor- 
rhagic reddening of gonadal tissues and 
the distal ends of the pyloric caeca 
(Figs. 3-6). The gross pathology of the 
lower intestine is probably the most 
significant clinical diagnostic sign of 
ERM. The intestine becomes inflamed, 
flaccid, translucent, hemorrhaged, and 
distended with a serosanguineous yel- 
low mucoid material consisting of nec- 
rotized intestinal mucosa heavily 
loaded with the pathogen. 

The histopathology is typical of a 


hemorrhagic septicemic type of infec- 
tion and, in the acute form, the bac- 
terium is commonly found in the 


peripheral blood (Fig. 7). The 
hematological picture is characterized 
as an acute macrocytic, hypochromic 
anemia with leukopenia, resulting from 
necrotic destruction of hematopoietic 
and reticuloendothelial tissues, and an 
increased clotting time as well as a 
plasma aproteinemia attributed to 
glomerular nephritis and necrosis of the 
intestinal mucosa. This condition re- 
sults in a decrease of the plasma colloid 
osmotic pressure producing gross sys- 
temic tissue edema as well as disruption 
of the ionic balance. 

The acute form of the disease is dis- 
tinguished by loss of capillary struc- 
tural integrity, tissue edema, and loss of 
osmotic and ionic homeostasis. This 
condition results in a rapid course of 
infection of 4-10 days with minimum 
gross clinical pathology. The chronic 
form is characterized by localized tis- 
sue hemorrhage and necrosis, a decline 
in nutritional condition, and secondary 
infection. Petechiation results from a 
loss of capillary integrity and erythro- 
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Figure 1.—Bilateral exophthalmos in a rain- 
bow trout, Salmo gairdneri, due to gross tis- 
sue edema caused by acute septicemic infec- 
tion with enteric red mouth disease. 


Figure 2.—Rupture of the eye, lens opacity, 
and blindness in a rainbow trout, Salmo 
gairdneri, due to increased intraocular fluid 
pressure and edema caused by acute sep- 
ticemic infection with enteric red mouth dis- 
ease. 


Figure 3.—Generalized petechiation of vis- 
ceral organs and tissues of a rainbow trout, 
Salmo gairdneri, due to acute septicemic in- 
fection with enteric red mouth disease. 


cytic congestion of capillary beds and 
blood sinusoids (Fig. 8). The intestinal 
tract demonstrates a progressive nec- 
rosis and sloughing of the mucosa pro- 
ceeding down to the stratum compac- 


Figure 4.—Petechial hemorrhage in the liver 
of a rainbow trout, Salmo gairdneri, due to 
acute septicemic infection with enteric red 
mouth disease. 


Figure 5.—Hemorrhagic plaques in the swim 
bladder of a rainbow trout, Salmo gairdneri, 
due to an acute septicemic infection with en- 
teric red mouth disease. 


Figure 6.—Petechial hemorrhage of the later- 
al musculature and visceral mesentery of a 
rainbow trout, Salmo gairdneri, due to an 
acute septicemic infection with enteric red 
mouth disease. 


tum (Fig. 9). This situation is highly 
conducive to secondary infection and 
complication of the clinical picture by 
multiple etiologies. 
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Figure 7.—Peripheral blood smear of rainbow trout, Salmo gairdneri, 
demonstrating the presence of the enteric red mouth disease bacterium as 
the causative agent of an acute bacteremic infection. (Wright-Giemsa 


stain.) 


Figure 9.—Mucosal necrosis and sloughing in the pyloric caeca of a 


Figure 8.—Erythrocytic congestion of capillary beds and blood 
sinusoids and tissue edema of the liver of a rainbow trout 
gairdneri,due to acute septicemic infection with enteric red mouth 


Salmo 


disease. (Hematoxylin and Eosin stain.) 
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rainbow trout, Salmo gairdneri, due to acute septicemic infection with 
enteric red mouth disease. (Hematoxylin and Eosin stain.) 


ASYMPTOMATIC DISEASE 
CARRIER STATE 


The establishment of asymptomatic 
disease carrier state infections is impor- 
tant to the maintenance of fastidious 
pathogens within a population in terms 
of functioning as a constant reservoir 
for recurrent infection. With the advent 
of modern husbandry practices to the 
field of fish culture, the widespread 
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DAYS 


Figure 10.—Mortality, gross pathology, and recovery of the enteric red 
mouth bacterium in correlation with the quanitative serum macroglobu- 
lin response during periodic sampling following intraperitoneal infection 
of rainbow trout, Salmo gairdneri. 


transportation of fish stocks has resulted 
in the transplantation of economically 
important fish pathogens to previously 
uninfected watersheds. These consequ- 
ences are recognized as being increas- 
ingly important to the prevention, con- 
trol, management, and treatment of 


viral and bacterial fish diseases. How- 
ever, Management practices depend 
upon the poorly defined or understood 
clinical picture of the carrier condition. 
More importantly, proposed programs 
and procedures of fish disease inspec- 
tion, certification, and control are based 
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Figure 12.—Relative rates of recovery of the enteric red mouth 
bacterium from selected indicator organs during periodic sampl- 
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Figure 1 1.—Mortality, gross pathology, and recovery of the 
enteric red mouth bacterium in correlation with the quantita- 
tive serum macroglobulin response during periodic sampling 
following an immersion mode of infection of rainbow trout, 


Salmo gairdneri. 


upon a statistically significant sampling 
size to determine the suspected carrier 
incidence. Presently, the carrier inci- 
dence is intuitively estimated for most 
diseases. 

In recent studies conducted at the 
University of Idaho and supported 
by the Idaho Agriculture Experiment 
Station, I was able to further elucidate 
the asymptomatic carrier state of the 
ERM disease. Using yearling rainbow 
trout with no known history of ERM, 
I was able to clinically follow the 
pathogenesis of infection through de- 
velopment of the asymptomatic carrier 
condition and study the dynamics of its 
establishment, mechanisms of mainten- 
ance, and levels of incidence pertinent 
to significant sample size determin- 
ation, surveillance, and diagnosis. Ex- 
periments were run at 14.5°C which 
is the year-round water temper- 
ature of the fish farms of the Hagerman 
Valley. I used two modes of infection: 
A parenteral injection with an 18 hour 
culture of the virulent organism at an 
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LD,, dose of 18 organisms per fish, 
and fish immersed for | hour in a bath 
suspension of 10° ERM organisms 
per milliliter at an elevated temperature 
of 20°C. Pathogenesis was followed by 
collection of mortalities, weekly sub- 
sampling of survivors, determination of 
gross clinical signs, serological and 
electrophoretic analysis of serum pro- 
tein macroglobulins, and pathogen iso- 
lation from the anterior kidney, liver, 
spleen, and lower intestine. 

In the parenterally infected popula- 
tion, a 27 percent total mortality was 
induced during the 102-day course of 
observation. Mortalities typically 
commenced on day 6 postinfection, 
reached a maximum on day 9, and 
ended on day 15 with recurrent mor- 
talities between 59 and 75 days postin- 
fection (Fig. 10). The immersion mode 
of infection induced only a 2 percent 
total mortality after 7 days (Fig. 11). 
However, both modes of experimental 
exposure induced 100 percent infection 
of the experimental population at 21 


ing following intraperitoneal infection of rainbow trout, Salmo 
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Figure 13.—Relative rates of recovery of the 
enteric red mouth bacterium from selected 
indicator organs during periodic sampling fol- 
lowing an immersion mode of infection of 
rainbow trout, Salmo gairdneri. 


days as demonstrated by the relative 
tissue recovery rates of the pathogen 
(Figs. 10, 11). 

During the first 30 to 60 days postin- 
fection, the bacterium was routinely re- 
covered from all indicator tissues sam- 
pled from both populations (Figs. 12, 
13). The ERM bacterium was shown in 
Figures 12 and 13 to readily establish an 
asymptomatic carrier state infection, by 
localizing in the lumen of the lower 
intestine in 50 to 75 percent of the sur- 
vivors, 60 to 65 days postinfection, and 
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remaining there for more than 102 
days. The relative intestinal recovery 
rate and presence of the pathogen 
within the infected populations was 
also shown in Figures 12 and 13 to be of 
a cyclical nature, with a periodicity of 
36 to 40 days. Only 25 to 50 percent of 
the asymptomatic carrier infections es- 
tablished would be clinically identified 
for inspection and certification pur- 
poses by using classical attempts at iso- 
lation from the kidney and spleen dur- 
ing the low points of the cycle. 


Cyclical Nature of 
Carrier Infections 


On the basis of pathogen recovery, 
gross pathological changes, and mortal- 
ity rates, it appears that a regular 36- to 
40-day cycle of intestinal shedding of 
the ERM bacterium occurs and pre- 
cedes the recurrence of systemic in- 
volvment and mortality by 3 to 5 days. 
This type of cyclical shedding could 
precipitate continuous recurrent mortal- 
ity in a naturally infected susceptible 
population throughout the year. The ac- 
tual periodicity and mortality levels of 
these shedding cycles would be altered 
by seasonal variations in water temper- 
atures, loading factors, handling, and 
other stresses as well as natural resis- 
tance and immunity of the population. 
This hypothesis is substantiated by the 
observations of McDaniel (1971), who 
demonstrated cyclical mortality pat- 
terns of similar periodicity to occur 
throughout the year in a large, untreated 
hatchery population chronically in- 
fected with ERM disease (Fig. 14). 


MORTALITIES (thousands) 








MONTH 


Figure 14.—Monthly mortality rates attrib- 
uted to endemic enteric red mouth disease 
infection of an untreated hatchery population 
of rainbow trout, Salmo gairdneri, (from 
McDaniel, 1971). 
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Many demonstrated aspects of the 
clinical course of induced ERM infec- 
tion have the classical appearance of an 
acquired protective immune response. 
In particular, the decrease in mortality 
and relative rates of gross pathological 
changes ocurred 14 to 21 days postin- 
fection. This time period corresponds 
to the expected lag phase and 
logarithmic induction period of a pro- 
tective immune response at 14.5°C. 
Electrophoregram analysis demon- 
strated a quantitative serum macro- 
globulin response as shown in Figures 
10 and 11. However, this quantita- 
tive change in serum macroglobulin 
could not be detected as agglutinating 
or precipitating humoral antibodies, 
indicating the possible involvement of 
a protective monovalent or incomplete 
immune globulin fraction, possibly 
functioning in an opsonizing or cyto- 
philic capacity. An induced cellular 
immunity is most probably responsible 
for the rapid clearance of the pathogen 
from the reticuloendothelial tissues and 
its localization in the lumen of the lower 
intestine where it is comparatively re- 
moved from macrophage and immuno- 
globulin activity. 

This insight into the establishment of 
a Clinically asymptomatic carrier infec- 
tion and its demonstrated cyclical na- 
ture of shedding could find direct appli- 
cation to management practices of the 
disease in terms of the timing of hand- 
ling stress, loading factors, and other 
‘‘controllable stress.’’ The use of an- 
tibiotic or chemotherapeutic agents 
with a high retention time in the lumen 
of the gut is indicated rather than other 
more rapidly absorbed agents for treat- 
ment of the carrier condition. Detecting 
the condition by classical isolation and 
identification methods (particularly if 
the lower intestine is not sampled) is 
difficult, and this may seriously affect 
surveillance and certification opera- 
tions. The cyclical nature of the carrier 
infection also indicates the need for a 
paired sampling at a 15-day interval to 
achieve maximum diagnostic ef- 
ficiency. 


Identifying Carriers 


Of major consequence to current 
programs of inspection, certification, 


and control is the ability to efficiently 
diagnose clinical carrier infections. 
Present methods of classical isolation 
and identification of the pathogen are 
wholly inadequate in terms of sensitiv- 
ity, logistics, time frame, and eco- 
nomics. Programs of this type often in- 
volve large numbers of fish which must 
be certified free of particular disease 
agents but are often highly valuable and 
cannot be sacrificed as in the case of 
brood stocks. 


Development of the Passive 
Agglutination Test 


As a result of my experience with the 
U.S. Public Health Service Center for 
Disease Control’s sylvatic plague sur- 
veillance program, I have developed a 
highly sensitive and specific means of 
serological disease surveillance requir- 
ing a minimum of lethal sampling. The 
procedure is based upon a passive or 
indirect agglutination test using micro- 
titer techniques. 

The antigenicity of the ERM or- 
ganism was examined in detail. A pH 
6.4 boiled aqueous extraction of a 
washed 18-hour ERM culture was 
found to be the most antigenically com- 
plete soluble fraction of the organism. 
Many different substrate particle sys- 
tems, including latex, bentonite, char- 
coal, fresh erythrocytes, and fixed 
erythrocytes were incorporated into the 
test. Maximum sensitivity was ob- 
tained with fresh citrated sheep eryth- 
rocytes which were tanned and sensi- 
tized with 10 mg% antigen protein at 
pH 6.4. Test sera were diluted in nor- 
mal physiological saline with normal 
rabbit serum added at 1:100. Other sub- 
strate particle systems were found to be 
somewhat less sensitive but could be 
lyophilized and stored for long periods 
of time. 

Figure 15 demonstrates the aggluti- 
nation patterns achieved. Note the very 
sharp end points and negative buttons. 
Titers are easy to pick out, and the test 
is well adapted to either screening or 
titering test sera. In addition to the pas- 
sive agglutination test, a paired inhibi- 
tion dilution series utilizing 20 mg% 
antigen protein added to the serum di- 
luent was run. The inclusion of the 
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Figure 15.—Typical results of ‘the micromodified passive 
agglutination test demonstrating diffuse patterns of positive 
agglutination and negative buttons as well as end point titers 
of sera dilution series. 


Figure 16.—Basic materials necessary for the performance of the micromod- 
ified passive agglutination test applicable for screening of large numbers of 
individual small volume sera for the presumptive serological evidence of 


paired inhibition test gave complete 
control over any nonspecific agglutinat- 
ing activity for each sample tested. 

This type of test lends itself to the 
rapid field screening of large numbers 
of individual small volume sera for pre- 
sumptive evidence of specific disease 
association at a minimum cost and 
without sacrifice of fish over 15 cm. 
Utilizing an unsophisticated hand- 
operated system costing $100, a 
reasonably good technician can screen 
about 500 fish in an 8-hour day against 
a variety of diseases (Fig. 16). The test 
can also be readily automated for even 
greater efficiency. Results can be read 
immediately following centrifugation 
or after 2-4 hours of incubation. 


Field Application of Passive 
Agglutination Test 


In the fall of 1972, the passive 
agglutination procedure was field tested 
in the Hagerman Valley. The fish 
stocks of eight stations having a history 
of ERM, but no recent epizootics, and a 
single station undergoing an active 
epizootic were examined. Station 
stocks were first sampled in September, 
just at the end of the usual seasonal peak 
in mortality attributed to ERM disease, 
and then reexamined 60 days later in 
November. 

Initial serological screening resulted 
in a 38.2 percent incidence of positive 
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specific disease association. 


titers for the infected station stocks and 
a 7.7 percent incidence for all other 
stations combined. Positive serum tit- 
ers during this period ranged from 1:16 
to 1:32,768. The actual individual titer 
distributions are summarized in Figure 
17 for the two populations. A definite 
natural split in high and low level titers 
occurred. High level natural titers of 
1:512 or greater (shaded areas of Fig. 
17) constituted 19.4 percent of all posi- 
tive titer (shaded and unshaded com- 
bined) from the clinically infected sta- 
tion and 30.8 percent of all positive 
titers from all other nonclinically in- 
fected stations combined during the 
first sampling date. 

As summarized in Figure 18, an 8.4 
percent incidence of positive titers for 
the infected station and an 8.8 percent 
incidence of positive titers for the other 
stations were found at the second sam- 
pling date. When the natural break be- 
tween the high and low level titers was 
examined for the second set of data, 
high titered sera were absent from the 
infected station and constituted 21.3 
percent of the positive sera from the 
other stations combined. 

It was postulated that the natural 
break between high titered and low ti- 
tered sera is indicative of the difference 
between subacute to chronic clinical in- 
fections and the presence of an estab- 
lished carrier population, respectively. 
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Figure 17.—Natural distribution of serum 
passive agglutinin titers from hatchery popu- 
lations of rainbow trout, Salmo gairdneri, 
surviving a recent clinical epizootic of enteric 
red mouth (ERM) disease (left) and those not 
clinically infected but grown in an endemic 
area of ERM infection (right), as sampled in 


September 1972. 
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Figure 18.—Natural distribution of serum 
passive agglutination titers from hatchery 
populations of rainbow trout, Salmo 
gairdneri, surviving a recent clinical epizoo- 
tic of enteric red mouth (ERM) disease (left) 
and those not clinically infected but grown in 
an endemic area of ERM infection (right), as 


sampled in October 1972. 
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This hypothesis is based upon the prem- 
ise that continued presence of the 
pathogen over a long period of time, as 
occurs in an established carrier infec- 
tion, is necessary to induce high levels 
of serum agglutinins. The lower titered 
grouping would then include those sur- 
vivors which still may harbor the 
pathogen but have not yet established 
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Figure 19.—The serum passive agglutinin re- 
sponse of rainbow trout, Salmo gairdneri, to 
the administration of water soluble antigenic 
preparations of the enteric red mouth disease 
bacterium. (BAE, boiled aqueous extract; 
ASS, ammonium sulfate supernate; ASP, 
ammonium suifate precipitate. ) 


classical carrier states of infection. 
Such a hypothesis is supported by the 
fact that the relative rates of occurrence 
of the high titered grouping remained 
constant in the combined stations sam- 
pled 60 days apart as shown in the 
shaded areas of Figures 17 and 18. The 
2.7 percent and 2.0 percent respective 
proportions of the populations seem to 
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Figure 20.—The serum passive agglutinin re- 
sponse of rainbow trout, Salmo gairdneri, to 
the administration of organic solvent soluble 
antigenic preparations of the enteric red 
mouth disease bacterium. (PE, phenol ex- 
tract; EWE, ether-water extract; CWE, 
chloroform-water extract.) 


Figure 21.—The passive serum agglutinin response of rainbow 
trout, Salmo gairdneri, to the administration of particulate antigen 
preparations of the enteric red mouth disease bacterium. (AP, alum 
precipitate; CW, cell wall; FK, Formalin killed; PK, phenol killed.) 
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demonstrate a constant level of carrier 
incidence which is consistent with 
levels of carrier incidence reported for 
other related diseases. 

The overall results from the infected 
station, as shown in Figures 17 and 18, 
indicate an initially high rate of infec- 
tion with a proportionally large 
number, 6.3 percent, of high titered 
presumptive carrier fish being present. 
The second sampling indicated a 31 
percent decrease in positive screen ti- 
ters and the complete lack of any high 
titered group of sera. This situation 
could be indicative of a resistant recov- 
ering population in which true carrier 
states had yet to be established. This 
data could also be attributed to the fact 
that the second sampling was essen- 
tially a different lot of fish from those 
originally sampled, even though the 
station was the same. 


INDUCED HUMORAL 
IMMUNE RESPONSE 
IN RAINBOW TROUT 


Induction of a specific immune re- 
sponse in rainbow trout to immun- 
ogenic preparations of the ERM bac- 
terlum was examined in terms of its 
nature and dynamics. 

Figures 19 and 20 demonstrate the 
dynamics of a humoral agglutinin re- 
sponse in rainbow trout to extended 
parenteral exposure to soluble antigenic 
preparations of the ERM bacterium. 
Protein-based water soluble extracts are 
shown in Figure 19 and carbohydrate- 
based organic solvent extracts are 
shown in Figure 20. Various prepara- 
tions included a boiled aqueous extract 
(BAE), ammonium sulfate supernate 
(ASS), ammonium sulfate precipitate 
(ASP), phenol extract (PE), ether- 
water extract (EWE), and chloro- 
form-water extract (CWE). Humoral 
passive agglutinating antibodies 
against protein-based soluble antigens 
were first detected 13 days after intia- 
tion of the first of two series of weekly 
injections. Specific passive agglutina- 
tion titers to organic solvent extracts 
were initially detected in 28 days. All 
serum agglutinin titers were shown to 
rise throughout the initial period of an- 
tigenic stimulation, but when injections 
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were discontinued, titers to lipo- 
polysaccharide antigens declined while 
titers to protein antigens continued to 
rise. Freund’s complete adjuvant was 
used in the first two injections of all 
preparations. 

A second series of weekly injections, 
commencing on experimental day 98, 
was shown to have an inductive effect 
on specific titers of all antigens but not 
to the extent of a true anamnestic re- 
sponse. Maximum serum passive 
agglutinin titers of 1:65,531 were ob- 
tained from a protein-based antigen 
(BAE) at 106 days. Comparatively 
poor responses were obtained from the 
lipopolysaccharide preparations. The 
EWE and CWE antigens were ex- 
tremely toxic to rabbits due to their 
lipopolysaccharide endotoxin compo- 
nents but were found to have no toxic 
effect upon trout at the levels adminis- 
tered. 

Rainbow trout were also injected 
with various particulate antigen prep- 
arations of ERM including an alum pre- 
cipitate (AP), washed cell wall suspen- 
sion (CW), and !Formalin-killed (FK) 
and phenol-killed (PK) whole cells. 
Humoral passive agglutinins to these 
particulate antigens were detected at 21 
to 28 days into the first series of weekly 
injections as shown in Figure 21. The 
CW preparation induced the highest 
passive agglutinin response with a 
maximum titer of 1:262,144 in 84 days. 
The FK and AP antigens gave much the 
same response. The PK preparation in- 
duced a poor serum passive agglutinin 
response while a heat-killed prepara- 
tion failed to elicit any type of a passive 
agglutinin response at all. The high 
passive agglutination titers induced by 
various particulate antigens seemed to 
reach a common maximum titer of 
1:4,096 following discontinuation of 
injections. From this point, the various 
titers declined similarly at an average 
rate of 9.8 percent per month and were 
detectable for more than 9 months. 

Quantitative analysis of serial elec- 
trophoregrams from rainbow trout 


'Reference to trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 
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Figure 22.—Passive agglutinin and quantita- 
tive macroglobulin response of rainbow trout, 
Salmo gairdneri, serum to aqueous and or- 
ganic solvent extracts of the enteric red mouth 
diesease bacterium. 


hyperimmunized with soluble antigens 
of ERM demonstrated an increase in 
total macroglobulin (fraction F) serum 
protein during continued antigenic 
stimulation but no direct correlation 
could be made to the presence of serum 
passive agglutinins (Fig.22). However, 
the macroglobulin response is seen to 
be directly proportional and responsive 
to antigenic stimulation and resembles 
a classical humoral immune response 
including what appears to be a true 
anamnestic response at 106 days. This 
macroglobulin response could be 
further evidence of a functionally pro- 
tective monovalent cytophylic or op- 
sinizing globulin not detected by 
agglutination or precipitation tech- 
niques. 

Electrophoretic analysis of the time 
sequence sampling of pooled sera from 
hyperimmunized rainbow trout pro- 
duced a normal seven protein compo- 
nent pattern, as shown in Figure 23, 
consisting of: A prealbumin and albu- 
min complex grouped as peak ‘‘A’’; a 
second component, labeled ‘‘B,’’ 
analogous to an alpha-1 peak of lipo- 
protein; three pseudoglobulin peaks, 
analogous to alpha-2, beta-1, and 
beta-2 fractions and called ‘‘C,”’ ‘‘D,”’ 
and ‘‘E’’; and a euglobulin or gamma 
complex of peaks labeled as the ‘‘F’’ 
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Figure 23.—Sequential electrophoregrams of 
pooled sera from hyperimmunized rainbow 
trout, Salmo gairdneri, demonstrating serum 
macroglobulin response. Letters indicate 
major serum protein peaks based upon rela- 
tive electrophoretic mobility. 
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Figure 24.—Gel filtration chromatographic 
fractionation and passive agglutinin activity 
determination of hyperimmune mammalian 
(rabbit) serum proteins. 


fraction. Electrophoretic separation of 
pooled hyperimmune trout sera gener- 
ally indicated a quantitative increase of 
the anodic macroglobulin ‘‘F’’ fraction 
and the development of multiple peaks 
in this region during the course of con- 
tinued antigenic stimulation as shown 
in Figure 23. The gradual appearance of 
multiple macroglobulin peaks has also 
been described by Evelyn (1971). 
Analysis of gel filtration fractions of 
anti-ERM hyperimmune rabbit serum 
with the passive agglutination test indi- 
cated the presence of agglutinating an- 
tibodies in both the 18S-19S and 7S 
fractions of the rabbit serum as indi- 
cated in Figure 24. However, specific 
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agglutinin activity was found in only 
the macroglobulin fraction of the 
hyperimmune trout serum as shown in 
Figure 25. No shifts in specific immune 
activity among effective molecular 
weight globulin fractions were found to 
occur in the salmonid sera during ex- 
tended periods of immunization. Some 
consistent but seemingly nonspecific 
activity was also found in the prealbu- 
min fraction of the trout serum. 


SUMMARY 


The ERM bacterium has been shown 
to be a highly infectious and economi- 
cally significant pathogen of salmonid 
fishes, particularly under the stresses of 
intensive culture. Due to its present lim- 
ited but expanding geographical dis- 
tribution, it is of primary importance 
that preventative measures be taken to 
limit the further dissemination of the 
disease. Such preventative measures 
and treatment should take into account 
the presented findings concerning the 
epidemiology and pathogenesis of the 
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Figure 25.—Gel filtration chromatographic 
fractionation and passive agglutinin activity 
determination of hyperimmune rainbow 
trout, Salmo gairdneri, serum proteins. 


disease and, in particular, the asymp- 
tomatic carrier state of infection. Pro- 
grams of inspection, certification, and 
surveillance, based upon presumptive 
serological screening procedures 
adapted to large numbers of individual 
small volume sera with minimum lethal 
sampling, give promising results for 
disease diagnosis, surveillance, and de- 
tection of clinically inapparent carrier 
infections. 
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Vibriosis and Furunculosis in 
Marine Cultured Salmon in 
Puget Sound, Washington 


ANTHONY J. NOVOTNY 


ABSTRACT—Infections in marine cultured Pacific salmon (genus Oncorhyn- 
chus) and trout (genus Salmo) can include those caused by two bacterial patho- 
gens, Vibrio anguillarum (vibriosis) and Aeromonas salmonicida (furunculosis). In 
the Puget Sound area, two distinct serotypes of V. anguillarum have caused 
extensive mortalities in net-pen culture. Although furunculosis is probably carried 
by fish from fresh water, it can be transmitted in seawater, and in the close confines 
of net-pen culture can reach epizootic proportions. In large-scale experiments, 
epizootics of vibriosis and furunculosis reduced the population of two sea cages 
(300,000) of chinook salmon (O. tshawytscha) by 80 percent during approximately 
5 months of marine culture. Laboratory tests of the bacterial pathogen isolated from 
moribund fish indicated that the furunculosis organism was resistant to oxytetracy- 
cline and sulfa drugs, but was sensitive to furazolidone. Multiple infections of both 
diseases proved difficult to treat. The results of these experiments indicate the 
need for better management of furunculosis during the freshwater culture stages of 


salmon. 


Since 1969, the Northwest and 
Alaska Fisheries Center of the National 
Marine Fisheries Service has been con- 
ducting research on the marine culture 
of salmonids (Oncorhynchus sp. and 
Salmo sp.) at its Aquaculture Experi- 
ment Station near Manchester, Wash. 
(Fig. 1). The major research effort at 
this station in central Puget Sound is 
focused on the culture of coho, O. 
kisutch, and chinook, O. tshawytscha, 
salmon in floating net pens. 

The principle of this type of culture is 
the same as for an agriculture feedlot: 
the fish are concentrated to minimize 
space, materials, and labor, and are fed 
commercial pelleted rations. Tidal cur- 
rents provide an almost continuous ex- 
change of water through the knotless 
nylon net pens, insuring adequate sup- 
ply of dissolved oxygen to the fish and 
the dilution and removal of excretory 
waste products. 

The normal procedure is to transport 
unacclimated juvenile chinook or coho 
salmon from a freshwater hatchery and 
place them directly into seawater pens. 
The fish are then cultured for 6 months 
to a year prior to harvesting. The 
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physiological stresses caused by direct 
transfer from fresh water to seawater, 
high population densities, repeated 
handling, and increasing water temper- 
atures during the summer are conducive 
to diseases (Wedemeyer, 1970; 
Wedemeyer and Wood, 1974). 

During an experiment to determine 
the effects of rearing densities on the 
growth and survival of chinook salmon 
in seawater pens, repeated epizootics of 
vibriosis and furunculosis were encoun- 
tered. The objectives of this paper are 
to: 1) present a history of these diseases 
during the course of the experiment; 2) 
demonstrate drug resistance in furun- 
culosis; 3) demonstrate the infectious 
nature of furunculosis in seawater; and 
4) show that the presence of multiple 
infectious agents can be a serious threat 
to marine cultured salmonids. 


DESCRIPTION OF VIBRIOSIS 
AND FURUNCULOSIS 


The two most cominon diseases oc- 
curring in salmon cultured in seawater 
in Puget Sound are vibriosis and furun- 
culosis. Both of these bacterial diseases 
can be either epizootic or chronic; they 





ALIN 


Whid! 
Island 


cy 
By 
nye 


Bremert, 
Ma 


(Olympia 











Figure 1.—Puget Sound, Washington. 
This inland arm of the northeastern Pacific 
Ocean is the site of major activities for the 
marine culture of Pacific salmon. 


can also occur in marine fish other than 
salmon (Evelyn, 1971la, b; Kennedy, 
1974; Egidius and Andersen, 1975; 
Novotny, 1975). The typical symptoms 
of both diseases are almost identical: a 
general hemorrhagic septicemia, exter- 
nal lesions, hemorrhaging of the fins, 
and bloody discharges from the vent. 
Vibriosis in fish is an infection 
caused by the marine bacterium Vibrio 
anguillarum (Bergman, 1909), a 
motile, gram-negative rod which has 
been thoroughly described by Evelyn 
(1971b). At least two pathogenic 
serotypes have been identified (Nov- 
otny, 1975; Harrell et al., 1976). 
Furunculosis in fish is an infection 
caused by the nonmotile, gram- 
negative rod, Aeromonas salmonicida 
(Lehmann and Neumann, 1896). This 
disease has been described (McCraw, 
1952; Scott, 1968), but is generally 
considered to be a serious problem in 
freshwater environments only. Unlike 
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the vibrios, A. salmonicida is not con- 
sidered to be a marine organism. In 
salmonids, the disease is undoubtedly 
first contracted during the freshwater 
culture stages. At low temperatures, the 
disease is latent and in a carrier state in 
infected fish (Snieszko, 1969). When 
the fish are transferred to seawater, the 
combined effect of osmotic stress and 
other environmental factors weakens 
the hosts, and the disease become infec- 
tious. Transmission in seawater can 
undoubtedly occur by direct contact 
(Scott, 1968) and probably by contact 
with fecal casts. 


DISEASE OBSERVATIONS 
DURING 1972-73 


Severe outbreaks of vibriosis and 
furunculosis among chinook salmon 
during an experiment to determine the 
effect of different fish densities on fish 
growth and survival in pens allowed 
extensive observation of the diseases. 
Observations on diagnosis, drug sen- 
sitivity tests, treatment, and mortality 
assessment are mentioned below. 

In June 1972, juvenile chinook 
salmon were transferred from trucks to 
floating net pens by gravity flow 
through a large pipe. The fish went di- 
rectly from the fresh water in the trans- 
port trucks to 30 %e seawater. The float- 
ing hexagon-shaped pens, made from 
knotless nylon webbing, measured 4.9 
m on a side, were 3.8 m deep, and had 
an approximate volume of 220 m?. 

One hundred thousand salmon, 
weighing an average of 5.4 g each were 
placed in Pen I and 200,00 in Pen II. 
The temperature of the water in the 
transport truck was 13.9°C for Pen I 
fish and 17.9°C for Pen II fish. The 
temperature of the seawater was 
11.2°C. The fish were to be reared in 
the pens for approximately 1 year, dur- 
ing which time they were to be fed a 
daily ration of Oregon Moist Pellets 
(OMP), based on a percentage of body 
weight. 


Diagnostic procedures 


Sick or freshly dead fish were 
routinely examined for disease. Sam- 
ples of kidney tissue were aseptically 
streaked onto Petri dishes containing 
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Trypticase Soy Agar (TSA)! with 1.5 
percent NaCl or Tryptose Blood Agar 
(TBA). Sterile discs impregnated with 
the vibriostatic agent 2,4-diamino- 
6,7-di-iso-propyl pteridine phosphate 
(0/129) were placed on freshly streaked 
TSA plates. All plates were incubated 
at 24°C for 24 to 72 hours. A diagnosis 
of vibriosis was based on: 1) growth of 
smooth, opaque colonies in 24 to 48 
hours on TSA, 2) motility, and 3) a 
zone of inhibition to the 0/129 disc of 8 
mm or more. Furunculosis was consi- 
dered to be the causative agent of dis- 
ease when: 1) Pin-point colonies ap- 
peared within 72 hours on TBA, 2) the 
organisms were nonmotile, and 3) the 
TBA plates would be pigmented a light 
to chocolate brown. 

Because of the large quantities of 
diseased fish that were processed, it was 
impossible to confirm all cultures by 
biochemical reactions. However, cul- 
ture samples were periodically 
analyzed by the Department of Micro- 
biology, University of Washington, for 
confirmation. In general, the accuracy 
of the field diagnosis was high. 


Drug Sensitivity Tests 


Drug sensitivity tests were con- 
ducted by using discs containing 30 ug 
of oxytetracycline or 100 yg of 
furazolidone placed on freshly streaked 
TSA or TBA plates. Triple sulfa (SSS) 
was tested by placing discs containing 
250 ug SSS on freshly streaked plates 
containing Mueller-Hinton’s agar. All 
plates were incubated at 24°C until 
sufficient growth occurred to indicate 
zones of inhibition. A zone of inhibi- 
tion of less than 10 mm indicated a 
questionable effective value. 


Therapeutic Treatment Procedures 


All of the fish were placed on OMP- 
TM-50D (OMP-TM-SOD is a commer- 
cial pellet containing 4 percent TM- 
50D; eleven percent of TM-SOD is ac- 
tive oxytetracycline) medicated diets 
for the first 5 days after transfer as a 
precautionary measure to assist in com- 
bating any stress infection induced by 
transfer shock. Routinely thereafter, 


‘Reference to trade names does not imply en- 
dorsement by the National Marine Fisheries Ser- 
vice, NOAA. 


whenever the mortalities reached 0.1 
percent/day and vibriosis or furun- 
culosis was determined to be the cause, 
OMP-TM-SOD diets were fed the fish 
for at least 5 days, or until the mor- 
talities subsided to less than 0.1 
percent/day. When it became evident 
later in the study that the furunculosis 
organism was resistant to oxytetracyc- 
line, standard OMP diets were prepared 
daily with commercial agriculture 
grade Furox 50. The Furox 50 (which is 
50 percent active furazolidone) was 
mixed with herring oil and sprayed over 
the pellets at a rate of 2 percent oil by 
weight. The amount of Furox 50 added 
to the oil was adjusted to provide 0.8 g 
of Furox 50/kg fish per day. 


Mortality Assessments 


Dead fish were removed from the 
pens each day and counted, except 
when mortalities were excessively 
high. In this case, total weights were 
taken, and an estimate of mortality was 
obtained from subsample weights and 
counts. Subsamples of the live fish 
population were obtained periodically 
to measure growth rates and to adjust 
feeding levels. 


RESULTS AND DISCUSSION 


The initial 10-day mortality in the 
high density pen (Pen II) was 0.5 per- 
cent compared to 0.1 percent in the low 
density pen (Pen I). This was believed 
to be due to the greater temperature 
shock during the transfer of Pen II fish. 

Within 3 weeks of transfer, the nets 
became heavily fouled with sessile 
filamentous algae, reducing water flow 
through the pens. Dissolved oxygen 
concentrations in the center of the pens 
occasionally dropped to 3.5 ppm, creat- 
ing an oxygen stress condition. This 
condition was somewhat alleviated by 
forcing large volumes of compressed 
air through perforated pipes beneath the 
pens. The rising air bubbles brought in 
new water, creating a partial exchange. 
This problem was solved in late July, 
when larger mesh net pens were instal- 
led. 

Water temperatures reached 12°C 
early in July (Fig. 2). At this time, the 
first serious epizootic of vibriosis oc- 
curred. At times, the mortalities were 
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Figure 2.——-Incidence of vibriosis and furun- 
culosis in addition to estimated rates of mor- 
tality in the high and low density pens in 
relation to season and seawater temperature. 
Note that the declining seawater temperature 
in the fall did not inhibit an epizootic of furun- 
culosis. 


so numerous that it was difficult to es- 
timate mortality rates or standing popu- 
lations. Deterioration of dead fish was 
so rapid that many were never recov- 
ered. Therefore, 10-day mortality rates 
in Figure 2 are based on estimates of the 
standing population. Mortality rates 
were generally in excess of | percent 
(20.1 percent/day), and the rate of 
mortality in Pen II was always higher 
than in Pen I, with the exception of a 
period in October (Fig. 2). 

Our procedure for treatment, based 
on past experience, was to use OMP- 
TM-50D exclusively to combat vib- 
riosis. Normally, an OMP-TM-50D 
diet was only necessary for a period of 
5-7 days to control the disease. Rarely 
had oral medication been used more 
than three times during a growing sea- 
son (summer-fall). However in this 
study, the mortalities were so numerous 
that we doubted we could control the 
disease with medicated feeds. 

Figure 2 clearly indicates that the 
dominant problem was furunculosis. 
When the first epizootics of furuncu- 
losis appeared in July, we began test- 
ing cultures immediately. We found 
that the furunculosis organism was: 1) 
Resistant to oxytetracycline (whereas 
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Table 1.—Salinity tolerance and anitbiotic sen- 
sitivity of Aeromonas salmonicida’. 
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'Tests were performed with direct isolates from kid- 
ney smears on Tryptose Blood Agar and Mueller- 
Hinton’s Agar. Samples collected 1-2 November 
1972. | = 1.5 percent NaCi; Il = 2.0 percent NaCi; Ill 
= 3.0 percent NaCl. + = good colony growth; — = no 
growth. Agar pigmentation: D = dark; M = medium; L 
= light; N = none. Antibiotic sensitivity discs (distance 
is the radius in mm): T55 = 30 wg oxytetracycline; SSS 
= 250 yg triple sulfa; F,o, = 100 yg furizolidone 


the vibrio was not) and triple sulfa 
compounds, but sensitive to fura- 
zolidone, and 2) it would grow on 
media containing between 2 and 3 per- 
cent NaCl (Table 1). This second 


finding indicated that this strain of 


furunculosis might be transmittable in 
seawater. Later, we isolated this or- 
ganism from adult coho salmon cul- 
tured in pens within a 15-mile radius of 
Pens I and II. In addition, we isolated 
the organism from marine fish that ac- 
cidentally entered the pens with the in- 
fected chinook salmon (Novotny, 
1975). 

Furox 50 was tried as a treatment for 
furunculosis. The first Furox 50 treat- 
ment period was extended to approxi- 
mately 12 days in an attempt to reduce 
the numbers of low-level infectious or 
carrier fish as much as possible. We 
assumed that once the temperatures 
started dropping in early fall, our prob- 
lems of recurring epizootics would be 
over. The rate of observed mortality 
declined through August, and a second 
treatment in August reduced the mortal- 
ity rate to an even lower level in Sep- 
tember (Fig. 2). However, by mid- 
October, the rate of mortality again 
began to climb in spite of decreasing 
water temperatures. Aeromonas sal- 
monicida was isolated from almost all 
subsamples of dead or dying fish. 

In late October, we inventoried the 
high density pen by passing all of the 
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Figure 3.—Estimated cumulative losses of 
chinook salmon in the high and low density 
pens. The large disparity between the two 
pens in November is an estimating error. The 
high density pen was physically inventoried, 
whereas the low density pen was not inven- 
toried until the following March. 


fish in the pen through a photocell fish 
counter. In spite of Furox 50 feedings 
before and after inventory, over 7,000 
mortalities were recorded within 10 
days. The inventory indicated a 
cumulative loss of 80 percent of the fish 
in Pen II (Fig. 3). Although the data in 
Figure 3 indicate a better survival in 
Pen I in November, this is an unreliable 
estimate, and the cumulative mortality 
was more likely between 70 and 80 
percent. We continued the Furox 50 
treatment in both pens periodically 
through the winter. 

By February 1973, the surviving fish 
in both pens appeared to be in good 
enough condition to inventory. The fish 
were weighed and samples collected to 
determine average weights. We esti- 
mated only 6,000 fish surviving in Pen I 
and 14,000 in Pen II, for a total survival 
of 6 and 7 percent, respectively. At no 
time during the course of the experi- 
ment did we ever reach a planned high 
loading density of 32 kg/m* (Fig. 4). 

This total mortality of 93.5 percent is 
contrasted with a loss attributed to vib- 
riosis of 3.2 percent during the 1971-72 
rearing period at Manchester and a 
1972-73 loss of 15.7 percent (directly 
attributable to vibriosis) of a different 
stock of chinook salmon (Moring, 
1973). These lots represented stocks of 
chinook salmon from other hatcheries, 
no incidence of furunculosis was 
found, and all epizootics of vibriosis 
were easily controlled with OMP-TM- 
50D. 

When the growth of the fish in the 
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Figure 4.—Estimated loading densities of 
chinook salmon in the two pens during the 
spring-winter culturing periods. No physical 
inventory of the low density pen was taken in 
November, and the fall estimate of this pen is 
probably in error. 
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Figure 5.—Growth of chinook salmon in the 


density tests. A comparison is made with av- 
erage growth rates for previous years. 


loading density study was compared 
with the average growth of several 
stocks of chinook salmon cultured in 
previous years (Fig. 5), there is a de- 
pression in the rate of growth in the 
density of fish. Moring’s (1973) aver- 
age fish weights were 145 g in February 
1972 and 92 g in February 1973. By 
contrast, the average weights of the Pen 
I and Pen II chinook salmon in February 
1973 were 80 g and 59 g, respectively. 

We felt that we had been unsuccess- 
ful in combating the infectious diseases 
for three primary reasons: 1) Environ- 
mental stress caused by low dissolved 
oxygen, 2) a carrier state of furun- 
culosis, and 3) high loading densities. 
Secondary factors were handling stres- 
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ses and the fact that the average size of 
the juvenile chinook salmon that were 
transferred to the net pens was consi- 
dered to be too small for successful 
adaptation to saltwater. (Juvenile 
chinook salmon should average at least 
8 g when transferred to seawater.) Os- 
motic stress is an important factor in 
predisposing fish to disease (Wede- 
meyer, 1970; Wedemeyer and Wood, 
1974). 

Approximately 20 percent of the fish 
were tagged, and the entire population 
was released between May and July 
1973. The fish that were released were 
apparently healthy survivors. On the 
basis of actual tag recoveries, Moring 
(1973) estimated a 0.1 percent con- 
tribution to the sport fishery, and con- 
tributions from the tag recoveries of the 
released density-study fish were 0.3 
percent. However, neither of these con- 
tributions is high. Moring (1973) notes 
that chinook salmon reared for 9 
months in pens at Manchester and re- 
leased in April 1971 had a 12 percent 
recovery rate in the sport fishery—a 
recovery 40 times greater than that of 
the fish used in the density study. 


CONCLUSIONS 


1) Juvenile chinook salmon are 
highly susceptible to vibriosis and 
furunculosis when subjected to exces- 
sive physical, environmental, and/or 
osmotic stress following transfer to 
seawater culture systems. Seawater 
temperatures in excess of 12°C contri- 
bute to the severity of epizootics of vib- 
riosis and furunculosis. Epizootics of 
furunculosis recurred in the fall, in spite 
of declining seawater temperatures. 

2) Furunculosis can be carried by the 
host fish in a latent state from fresh to 
saltwater. Furthermore, the growth of 
furunculosis on culture media contain- 
ing 20-30% salt and other evidence 
suggests that the organism may be 
transmitted in saltwater. 

3) Drug sensitivity tests dem- 
onstrated that the strain of A. sal- 


monicida isolated in this study is resis- 
tant to oxytetracycline and sulfa com- 
pounds but sensitive to furazolidone. 
Severe combined epizootics of vib- 
riosis and furunculosis could not be ef- 
fectively controlled by feeding medi- 
cated diets containing oxytetracycline. 

4) These observations suggest that a 
serious effort must be put forth to con- 
trol furunculosis in fresh water. 
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Parasitic Diseases of 
Freshwater Fishes 


W. A. ROGERS 


ABSTRACT — The major parasites of freshwater fishes are briefly discussed. 
Life cycles, host-parasite relationships, pathogenicity, and possible prevention 


and control are given. 


Parasitic diseases of fishes are usu- 
ally encountered more often then mi- 
crobial diseases. From 30 to 50 percent 
of the cases received at several fish dis- 
ease diagnostic laboratories involve 
parasites. 

Host reaction to parasitic invasion is 
highly variable. The severity of a para- 
site epizootic may be related to en- 
vironmental factors; host condition, 
age, and size; and population density. 
Some species that may be considered 
commensals become pathogenic under 
certain conditions. However, most ob- 
ligate parasites are pathogenic and 
some, such as the ciliated protozoan 
Ichthyophthirius, cause great losses. 
Many helminths, such as the digenean 
grubs, appear to be only slightly or 
moderately pathogenic but destroy the 
aesthetic value of fish. 


PROTOZOANS 


Many biologists consider the proto- 
zoans to be the most important group of 
parasites affecting fish. Fish culturists 
throughout the world report great losses 
caused by protozoans. The most devas- 
tating fish parasite of all is Jchthyoph- 
thirius. ‘‘Ich’’ is an obligate parasite 
infecting the skin and gills of fish. The 
life cycle of *‘Ich’’ involves production 
of many young individuals (tomites) 
produced from a single cell after the 
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mature cell, the trophozoite, leaves the 
fish. The trophozoite settles on a sub- 
strate, secretes a cyst wall and under- 
goes multiple fission, giving rise to up 
to 1,000 tomites. The tomites then 
leave the cyst, seek a host, bore into the 
epidermis or gill epithelium, and pro- 
duce a severe irritation accompanied by 
excess mucus production and hyper- 
plasia of the epithelium. The cells ma- 
ture, creating small white spots that are 
easily seen with the naked eye. 

We were able to demonstrate that fish 
will develop an immune response to 
Ichthyophthirius infections. After fish 
were experimentally infected, they 
were treated with malachite green to rid 
them of ‘‘Ich’’. Fifteen days later they 
were challenged: All control fish de- 
veloped ‘‘Ich’’ and died while previ- 
ously infected fish did not. 

One researcher collected ‘‘Ich’’ 
trophozoites, ground them up using 1.0 
ml of trophozoites in 10 ml of 0.85 
percent saline, added Freund’s adju- 
vant, and injected the fish intraperitone- 
ally. Fifteen days later upon challenge 
the controls developed ‘‘Ich’’ and died, 
but all injected fish survived (Areerat, 
1974). A problem in developing a vac- 
cine for ‘‘Ich’’ would be in-vitro cultur- 
ing of ‘‘Ich.’’ Many people have at- 
tempted in-vitro culture without suc- 
cess. 


Several other ciliates such as 
Chilodonella, Trichodina, Ambiphrya, 
and Epistylis can cause mortality under 
certain conditions. Flagellates such as 
Costia and Bodomonas often cause 
mortality but are fairly easy to control 
with an external treatment. 

Spore-forming Cnidospora include 
members of the genus Myxosoma that 
cause whirling disease of salmonids in 
which young fish are infected and the 
cartilage destroyed prior to bone forma- 
tion. When the eroded cartilage os- 
sifies, the bone is distorted and the fish 
usually has severe curvature of the 
backbone, resulting in the fish swim- 
ming in a circle thus giving the condi- 
tion the name ‘‘whirling disease.”’ 

Henneguya is another Cnidospori- 
dian commonly infecting channel 
catfish, Ictalurus punctatus. Several 
different species occur in the gills and 
skin with an interlamallar form reported 
to cause extensive mortality in very 
young fish. 

Several species of Pleistophora, a 
microsporidian, occur in fish, one of 
which occupies the ovary of golden 
shiners, Notemigonus crysoleucas, and 
can cause sterility. Older fish have a 
much heavier infection rate and more 
ovary damage, but a technique of using 
l-year-old brood fish has practically 
eliminated the problem of sterility. 
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TREMATODES 


Some genera of monogenetic tre- 
matodes can build up large populations 
under intensive culture situations but 
they are not considered to be a serious 
threat to fish in North America. 

Two groups of digenetic trematodes 
occur in fish: adults normally living in 
the gastrointestinal tract and larval 
forms, metacercaria or grubs, living in 
the tissues. The eye grub, Diplos- 
tomum, attacks the lens of the eye caus- 
ing blindness while white grubs, black 
grubs, blackspot, and yellow grubs af- 
fect mainly the aesthetic value of the 
fish. There are no controls known for 
the tissue-inhabiting larval forms. 


CESTODES 


Cestode pleurocercoids of the large- 
mouth bass, Micropterus salmoides, 
tapeworm, live in visceral organs of 
bass and commonly migrate through 
ovaries causing sterility. One approach 
we have taken is replacement of brood 
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fish about every 3 years in an attempt to 
manage around the problem by main- 
taining a low intensity of infection. Ear- 
lier attempts to rid fish hatcheries of the 
bass tapeworm by disinfecting the 
ponds and restocking both brood and 
forage fish were unsuccessful as the fish 
would show a reinfection within a year 
after restocking. Corallobothrium is a 
tapeworm sometimes found in great 
numbers in the intestine of channel 
catfish. Little apparent damage is 
caused by this worm and it has been 
easily controlled using tin compounds 
in the feed. 


NEMATODES 


Nematodes in the gastrointestinal 
tract are not considered detrimental, but 


tissue inhabiting forms can seriously 
affect the fish population. Philometra is 
a nematode commonly found behind 
the eye of centrarchid fishes and up to 
40 percent of some reservoir popula- 
tions in the southeastern United States 
have been affected. 


CRUSTACEANS 


Crustaceans are one of the main 
groups of detrimental parasites, espe- 
cially the anchor worm that has both 
adult and a parasitic larval stage that 
feeds on the fish. 
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Ornamental Fish: Diseases and Problems 


JOHN B. GRATZEK, EMMETT B. SHOTTS, and JACK L. BLUE 


ABSTRACT—Seventy-seven bags of ornamental fish imported from Hong 
Kong, Taiwan, Singapore, and Bangkok were examined for parasites, bacteria, 
and viruses. Parasites exotic to native North American fishes were not found. 
Eighteen genera of bacteria were identified. One virus, tentatively classified as a 
herpesvirus was isolated from a pooled sample of macerated Kuhli loach, Acan- 


thophthalmus sp., tissue. 


Approximately 600 million tropical 
fish are imported into the continental 
United States each year. The objective 
of this study was to evaluate the poten- 
tial ecological impact which these fish 
and/or the water in which they are ship- 
ped could have on the health of hu- 
mans, domestic animals, or native fish 
species. In this study, 16 shipments of 
tropical fish originating in Hong Kong, 
Taiwan, Singapore, and Bangkok were 
examined for presence of parasites, 
bacteria, and viruses; 77 bags of fish 
were examined. 


METHODS 


Parasitological 
Examinations 


Five fish from each bag of fish were 
examined following standard methods 
(Reichenbach-Klinke, 1973) of dissec- 
tion and examination. Wet mounts of 
gills, skin and fin scrapings, and inter- 
nal organs were examined using 5 and 
10 magnification objectives. 


Bacteriological 
Examinations 


Upon arrival, the fish and their ship- 
ping water were systematically proces- 
sed for the presence of bacterial flora. 
The bags were opened and a sample of 


58 


fish removed for parasitic studies. 
From the remaining fish in each bag, 
five randomly selected individuals were 
cultured for detection of possible bac- 
teremia. This was accomplished by kill- 
ing and surface sterilization of the fish 
with aseptic dissection to reveal the ap- 
propriate organ (kidney) for culture. In 
small fish a mixture of blood and/or 
kidney was cultured. 

An additional sample of fish was kil- 
led, surface sterilized, and homog- 
enized in a blender with sterile phos- 
phate buffered saline at pH 7.2 to 
achieve a 10 percent weight/volume 
suspension of fish. 

Concurrent with fish processing, 
aliquots of water from each bag were 
pooled to achieve approximately a 
1,500-ml sample of water representa- 
tive of the respective shipment. This 
sample was centrifuged at 5,000 RPM 
for 20 minutes in an RC-2B! centrifuge 
at 4°C. 

The above samples were cultured as 
follows: 

1) Blood and/or kidney were 
streaked on blood agar and Ordall’s 


1Reference to trade names or commerical firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


agar with subsequent incubation at 
35°C and 23°C. Resulting growth was 
subcultured and identified. 

2) A battery of several media was 
inoculated with fish suspension to as- 
sure recovery of a wide spectrum of 
bacteria. Selective media were used 
where possible to enhance possible iso- 
lations. The media used and justifica- 
tion are: A) Blood agar was used as a 
general medium for detection of fas- 
tidious organisms as well as common 
organisms; B) Ordall’s agar was 
selected for detection of the presence of 
myxobacteria; C) Trypticase soy agar 
was used as a generalized media which 
would grow practically all organisms: 
D) Rimler-Shotts agar (Shotts and 
Rimler, 1973) was used to specifically 
select members of the Aeromonas hy- 
drophila complex; E) Bismuth sulfide 
agar was used specifically to detect the 
possible presence of Salmonella typh- 
osa; F) Selenite-brilliant green broth 
and dulcitol selenite broth—brilliant 
green agar. This battery of media was 
used for the detection of possible Sal- 
monella. 

Unless otherwise necessary because 
of special requirements of the media, 
all media were incubated at 35°C and 
23°C. Resulting growth was subcul- 
tured and identified by standard 
methods (Breed et al., 1957). 

3) Water. The sedimented material 
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resulting from centrifugation was re- 
suspended in approximately 100 ml of 
the centrifuged supernatant. This con- 
stituted the inoculum for the following 
battery of media: A) Selenite brilliant 
green broth and dulcitol selenite 
broth—brilliant green agar. This bat- 
tery of media was used for detection of 
possible Salmonella; B) MacConkey 
agar was used to detect gram negative 
bacteria and also group them for further 
processing; C) TCBS—was used as a 
selective medium for Vibrio cholera or 
Vibrio parahemolyticum which might 
be present; D) Trypticase soy agar with 
1.5 percent sodium chloride was used 
for detection of possible halophilic or- 
ganisms; E) Rimler-Shotts agar was 
used for selection of members of the 
Aeromonas hydrophila complex; and 
F) Pseudosel was used as a selective 
medium for the genus Pseudomonas. 

These media were incubated at 35°C 
and 23°C unless otherwise indicated by 
the selective procedure involved. Re- 
sulting growth was subcultured and 
identified. Aliquots of all samples were 
processed on special media for the 
presence of Mycoplasma sp. and 
Mycobacterium sp. 


Virological Examinations 


Samples were processed for virus 
isolation by making 10 percent suspen- 
sion of whole fish in phosphate buffered 
saline. The suspension was filtered 
through four layers of cheesecloth and 
centrifuged at 1,000 g for 15 minutes. 
The supernatant was removed and re- 
centrifuged at 4°C at 5,000 g and then 
filtered through a 47-um pore size 
membrane filter using positive pres- 
sure. 

Cell cultures used for virus detection 
were rainbow trout gonad (RTG-2), 
fathead minnow (FHM), brown bull- 
head (BB), VERO (African green 
monkey kidney), pig kidney, bovine 
kidney, rabbit kidney, and feline kid- 
ney. Medias, cell culture procedures, 
and microculture techniques have been 
described previously (Gratzek et al., 
1973; Rovozzo and Burke, 1973). All 
samples were passed three times at 
5-day passage intervals. Samples were 
judged negative if cytopathic effects 
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Table 1.—Gill infestation. 





Bags 
infested 
Parasite % 





Flukes 21.0 
Ichthyophithirius 2.6 
Flukes + Ichthyophthirius 1.3 
Trichodina + Ichthyophthirius 1.3 





Table 2.—Skin infestation. 





Bags 
infested 
Parasite % 





Flukes 3.9 
Chilodonelila 1.3 
Oodinium 1.3 
Ichthyophthirius 1.3 
Myxosporida 1.3 





Table 3.—Intestinal infestation. 





Bags 
infested 
Parasite % 





Nematodes (in lumen) 12.5 
Nematode (cysts) 6.2 
Acanthocephalan nematode 

(cysts) 
Acanthocephalan (cysts) 3.1 
Hexamita 3.1 





were not present at the end of the third 
passage. 


RESULTS AND DISCUSSION 
Parasitological Results 


The results of parasitological exami- 
nations of 77 bags of fish suggested that 
61 percent contained fish with some 
type of parasite. In 39 percent of the 
bags, no parasites at all were found. 
The results are best seen in Tables 1, 2, 
and 3, which present the incidence of 
fish parasitized. 

Gill flukes were the commonest 
parasites observed on these fish. How- 
ever, it is also important to note that 
only in one case was the fluke infesta- 
tion high enough to create immediate 
problems for the fish. Also, it appears 
that combinations of infections, such as 
flukes and Ichthyophthirius, or Tri- 
chodina and Ichthyophthirius do occur. 

The results of intestinal examination 
for parasites suggested that 12.5 per- 
cent of the 77 bags contained fish that 
had nematodes in the interior of the 
intestine. The significance of cysts of 
nematodes or acanthocephalans found 


imbedded in tissues outside the intes- 
tine either alone or in combination is 
that these fish are most probably inter- 
mediate hosts for these parasites where 
the adult stages of the worms exist in 
birds or larger fishes. Heavy infesta- 
tions of these intermediate forms are 
harmful to these fish. It is significant to 
note that similar families of parasites 
are found in fish native to this country. 
It has been stated (Meyer, 1954) that 
under conditions in nature there is 
rarely a single individual fish among all 
the numerous species from the smallest 
minnows to game fishes which does not 
harbor at least one or more species of 
parasites somewhere in its body. Often 
the parasites are confined to the internal 
organs and hence are usually not 
noticed when the fish is cleaned or dis- 
sected. It would appear then that the 
incoming fish are possibly parasitized 
certainly no more than native fish 
species. 

We were surprised to note that these 
fish did not harbor more intermediate 
forms of digenetic flukes or tapeworms. 
A possible explanation is that most of 
the fishes imported from the Far East 
are raised in aquaria or in small ponds 
where there is less chance for infesta- 
tion of these fish by free swimming in- 
termediate forms of these parasites. 
Preliminary studies from South Ameri- 
can fishes suggest that the opposite is 
true. 


Bacteriological Results 


In this study, 77 bags containing 
30-50 fish each were examined. In gen- 
eral, the bacteria isolated were primar- 
ily rod shaped, gram negative staining 
types which, in most instances, can be 
associated with the fish’s natural envi- 


ronment. Bacteremias were noted in 
fish in 51 bags and represented 11 gen- 
era of bacteria. This high incidence of 
bacteremia suggests that fish are under 
severe stress during shipment. Further 
detailed bacteriological cultures of each 
lot of fish resulted in the isolation of 18 
genera of bacteria. Examination of the 
water in which the fish were shipped 
resulted in the isolation of 14 genera of 
organisms. More prevalent among the 
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bacteria isolated were those of the gen- 
era Pseudomonas, Aeromonas, Prote- 
us, Citrobacter, Enterobacter, and Es- 
cherichia. The first two, while they 
may be potential fish pathogens, are 
considered normal inhabitants of water 
and constitute no disease problem to 
mammals or fish under normal condi- 
tions. The latter organisms are usually 
indicative of human or other animal as- 
sociation and while occasionally as- 
sociated with human or animal disease 
are not considered of public health im- 
portance under normal circumstances. 

Only two organisms which could be 
considered of human health importance 
were recovered during the study. These 
organisms were Salmonella arizona, 
which in high numbers may cause 
human diarrhea, and Mycobacterium 
sp., which are universally found in wa- 
ter. The former was recovered from fish 
and water in one instance each. The 
latter was recovered from the water on 
three occasions. Mycoplasma sp. were 
not isolated. 


Virological Results 


One virus isolate was made from a 
slurry of Kuhli loachs, Acanthophthal- 


mus sp., and from the water in which 
these fish were transported. The virus 
was isolated on rabbit kidney cell cul- 
tures. The virus was characterized as a 
herpesvirus based on size and morphol- 
ogy, DNA content, ether susceptibility, 
and lack of hemagglutination ability. 
The virus was shown to not cross-react 
with channel catfish herpesvirus nor 
was it pathogenic to channel catfish, 
Ictalurus punctatus. It does not react 
with antiserums to pseudorabies virus 
or infectious bovine rhinotracheitis 
virus, but it does partially cross- 
neutralize with equine rhinopneu- 
monitis virus. Further serological 
studies are being conducted. 


SUMMARY AND CONCLUSIONS 


The results of this survey of imported 
fishes from Southeast Asia indicate that 
the parasitic load is less than would be 
expected in native fish (Hunter, 1942). 
The presence of bacteria of definite pub- 
lic health importance is also minimal 
based on reported studies on Salmon- 
ella distribution in continental U.S. 
watersheds (Kenner and Clark, 1974). 
The isolation of a herpesvirus, so far 


not completely characterized, supports 
the observation that viruses, like bac- 
teria, are found in water from various 
sources. 
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Shellfish Diseases 


LOUIS LEIBOVITZ 


ABSTRACT—An overview of commercial bivalve shellfish aquaculture is pre- 
sented. The advantages and disadvantages of shellfish production as compared 
with other forms of food animal production is discussed. The common shellfish 
diseases are listed and the known specific etiologic agents are indicated. The latter 
include viral, bacterial, fungal, protozoan, and metazoan parasitic and infectious 
agents. In addition, predators, toxic agents, and fouling organisms produce seri- 
ous economic losses. 

The specialized problems of shellfish hatcheries are discussed. The importance 
of monitoring the qualitative physical, chemical, and bacteriological changes in 
Shellfish larval cultural media and its ingredients for optimum production is indi- 
cated. 

A description of a laboratory model for evaluating the pathogenicity of pure 
bacterial cultures for larval shellfish is presented. The experimental optimal and 
lethal concentrations of bacteria for shellfish larvae are defined. An interrelation- 
ship between bacteria and protozoa in the pathogenesis of shellfish larval diseases 
is reported. The shellfish industry has encouraged and supported the reported 
research to increase the efficiency of shellfish production by reducing economic 


losses due to shellfish diseases. 


Less is known about the subject of 
shellfish diseases, and, accordingly, 
there is a wider latitude in discussing it. 
There are many unique problems, some 
of which overlap with fish diseases. 

One problem is that the molluscan 
bivalves are filter feeders. Their ability 
to concentrate harmful chemicals and 
infectious agents pose serious problems 
in controlling both shellfish and human 
diseases. Since shellfish are estuarine 
dwellers, they are subjected to en- 
vironmental variations such as changes 
in salinity and temperature, seasonal 
tidal variations, and varying degrees of 
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exposure to urban and industrial pollu- 
tants discharged into estuarine waters. 

In spite of these hazards, shellfish 
hold one of the greatest potentials for 
the economic production of food pro- 
tein. Shellfish hold great promise for 
the efficient recycling of organic waste 
materials, such as agricultural wastes, 
and the capture of energy for food pro- 
duction from thermal effluents, such as 
that discharged from atomic power 
plants. In addition, there are more 
species of shellfish than any other group 
of animals, with the exception of ar- 
thropods. Genetic selection for greater 
food yields from these abundant var- 
ieties should be rewarding. Also, in 
terms of reproductive potential, there 
are no other food animals that even ap- 
proach their fecundity. For example, a 
single pair of oysters can produce as 


many as 120 million offspring from a 
single mating. 

There is another unique aspect of 
shellfish production that exceeds the 
economic efficiency of other forms of 
animal protein production and that is 
free food. Unlike the rising food costs 
of other animal feeds, shellfish foods 
are naturally generated planktonic 
foods. Since shellfish are an important 
source of food, we should learn more of 
their diseases as a part of the technical 
development necessary to increase pro- 
duction. 

The following discussion of shellfish 
diseases is an overview and a short con- 
sideration of one specific bacterial dis- 
ease problem in larval shellfish produc- 
tion being currently studied. 


DISEASES OF SHELLFISH 


A list of organisms that cause com- 
mon diseases in oysters is shown in 
Table 1. 


Viral Diseases 


Of the known reported virus infec- 
tions of oysters, ‘“Ovacystis’’ infection 
is the most common, but it is probably 
of little economic importance. It can be 
detected histologically as hypertrophy 
of the ovarian follicles. The affect of 
this virus upon reproductive perfor- 
mance has not been evaluated. 

A herpes virus infection has been de- 
scribed by Austin Farley (1972) in oys- 
ters. Apparently, expression of the dis- 
ease was temperature dependent and 
was found in oysters cultivated in the 
heated effluent of a power plant. When 
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Table 1.—Causes of common diseases in oysters. 





Group 
Viral 


Species 





Ovacystis virus 
Herpes virus 
Others 
Achromobacter sp 
Aeromonas sp 
Vibrio sp 
Mytotomus ostrearum 
‘Maladie Du Pied 
Nocardia sp 
Cladothrix dichotoma (Actinomycetes) 
Others 
Dermocystidium (Labyrinthomyxa) 
marinum 
Sirolpidium sp 
Others 
. Sarcodina (Amoeba) 
Flabellula sp 
Mastigophora (Flagellate) 
Hexamita nelsoni 
Sporozoan 
a. Gregarine 
b. Haplosporidia 
Ciliates—many 
. Trematoda (larval) 
Bucephalus sp. 
Others 
Cestoda (larval) 
Tylocephalum sp 
Others 
. Copepods 
Mytilicola intestinalis 
Others 
. Decapods 
Pinnotherid crabs 
Annelids (“Mud blisters’) 
Polydora websteri 
Others 
. Sponges (“Boring sponges”) 
Clinona celata 
Others 


Bacterial 


Fungal 


Parasite 
protozoan 


Helminthic 


Arthropods 





the environmental temperature drop- 
ped, the disease was not apparent. 
While there are undoubtedly other 
shellfish viral diseases present, they 
have not been defined. 

The two previous viral diseases men- 
tioned were demonstrated upon the 
basis of diagnostic inclusion bodies and 
electron microscopic demonstration of 
viral particles in affected cells. Virus- 
free molluscan tissue culture systems 
are needed to isolate and identify mol- 
luscan viruses and human viral patho- 
gens that may be carried by shellfish. 


Bacterial Diseases 


Little is known of the bacterial dis- 
eases of shellfish, and the list in Table 1 
is limited to those that have been de- 
scribed. From the standpoint of human 
health, outbreaks of cholera have been 
related to the consumption of shellfish 
in Africa and Italy. 


Fungal Diseases 


Dermocystidium (Labyrinthomyxa) 
marinum is a very important shellfish 
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pathogen that produces serious eco- 
nomic losses in adult shellfish in warm 
climates. Sirolpidium sp. is a common 
infection of hatchery-reared larval 
shellfish. 


Helminthic Diseases 


Among the helminth parasites of 
shellfish, trematode, cestode, and 
nematode parasites may be found. Lar- 
val forms of trematodes (especially 
Bucephalus sp.) and cestodes (espe- 
cially Tylocephalum sp.) are of 
economic importance as shellfish 
pathogens that often produce sterility in 
affected shellfish. Most of the larval 
forms mature in fish which serve as 
definitive hosts. Some are of public 
health significance. 


Arthropods and 
Other Organisms 


In addition to helminth parasites, 
copepod crustacean and polychaete an- 
nelids, during some stage of their life 
cycles, may parasitize shellfish with re- 
sultant serious economic losses. 

A great variety of marine organisms 
are found in shellfish beds in apparent 
symbiotic or commensal relationships 
to shellfish. Some, as pinnotherid 
crabs, enter and leave the pallial cavity 
of shellfish freely. Crabs may serve as 
the intermediate host for the primitive 
gregarine sporozoans (Nemotopsis sp.) 
whose spores infect shellfish with little 
resultant tissue damage. Macroalgae 
and sponges grow on the surface of 
shellfish. The boring sponges (Cliona 
sp.) may damage the external shell and 
the shell may then become porous and 
crumble. 


Diseases of 
Unknown Etiology 


In addition to the known diseases, 
many unexplained die-offs have been 
reported that have decimated shellfish 
populations. Often these populations 
do not recover, and new stock, intro- 
duced to repopulate, are quickly af- 
fected and die. Such diseases are often 
named for the locality in which they 
occurred, such as ‘‘Malpeque Bay’’ 
and ‘‘Denman Island’’ disease. Often 
serious losses are attributed to climatic 
conditions, water quality changes, and 


pollution without adequate evidence 
that disease was not responsible. 


Parasitic Diseases 
Protozoans 


Shellfish protozoan infections are 
very common. Whether these or- 
ganisms are primary infectious agents 
is often questionable. This is especially 
true of the ciliates that are common 
inhabitants of shellfish tissues. They 
become especially active when other 
pathogens such as bacterial agents are 
present. Of the flagellated protozoa, 
Hexamita sp. and the amoeboid pro- 
tozoa are pathogenic. When shellfish 
are maintained under adverse condi- 
tions, such as extreme temperatures, 
protozoa may actively invade shellfish 
tissues and produce deterioration or 
spoilage. These conditions may also be 
found in ‘‘winter-kills’’ of shellfish 
where high mortality associated with 
protozoan infections may be found in 
sustained low temperature exposures. 

Protozoans can be primary shellfish 
pathogens. The most important single 
shellfish pathogen that has produced the 
greatest economic losses to the shellfish 
industry is a haplosporidian, Minchinia 
nelsoni. This organism has destroyed 
the great oyster industry of the Dela- 
ware and Chesapeake Bays. Haplo- 
sporidians are very poorly understood, 
poorly classified sporozoans, distinct 
from myxosporidia, or coccidial or- 
ganisms. Their exact taxonomic posi- 
tion and life cycles are unknown. In 
addition to the areas mentioned, M. 
nelsoni, commonly called MSX, is 
present in other geographic locations of 
the northeastern U.S. coastline. This 
organism is apparently salinity- 
dependent. It is seasonal in its inci- 
dence. There are many other haplo- 
sporidians, of varying pathogenicity 
found as parasites in a variety of aquatic 
animals. They are found as hyperpara- 
sites in trematodes. These organisms 
tend to sterilize the trematode host. 


SHELLFISH HATCHERY 
OPERATION STUDIES 


When I began working with the Long 
Island shellfish industry, the problems 
were overwhelming and it was difficult 
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to select a single starting point. Perhaps 
the most important economic problems 
were based in shellfish hatchery pro- 
duction. If hatchery production could 
be increased, and livability of larvae 
and juveniles were improved, restock- 
ing and harvesting from shellfish beds 
would yield greater production and 
efficiency. The techniques of hatchery 
operation are well known, but consis- 
tent production of healthy larvae is 
difficult. Shellfish larval disease losses 
are serious hatchery problems, often of 
epizootic proportions. 

Although specific pathogens were 
occasionally responsible for such los- 
ses, it became apparent that there were 
many unexplained phenomena as- 
sociated with the more common losses. 
In an attempt to resolve these problems, 
studies of hatchery media were under- 
taken. These included physical, chemi- 
cal and microbiological examination of 
hatchery water supply, stock algal cul- 
tures, pooled algal food cultures, and 
spawn obtained from hatchery breeding 
stock. Each hatchery operation was dis- 
tinctive. Some operated all year, others 
limited their operation to warm weather 
only. Hatchery water supply was either 
raw bay water, or from deep saltwater 
wells. Some operations pumped water 
into the plant on demand; others held 
water in large storage tanks that was 
later gravity fed into the operation on 
demand. Various methods of screen- 
ing, filtration, and centrifugation are 
employed for water clarification. In ad- 
dition some plants utilize ultraviolet 
treatment of incoming water, or recy- 
cled water for disinfection. 

Physical and chemical examination 
of shellfish larval culture media in- 
cluded measurement of pH, salinity, 
chemical oxygen demand, suspended 
and total solids. Other tests including 
nitrogen determinations are currently 
being explored. Quantitative counts 
and identification of dominant bacterial 
populations of the larval culture media 
ingredients are also being made. 


TESTING BACTERIAL 
PATHOGENICITY IN LARVAL 
SHELLFISH PRODUCTION 


It became apparent that a pathogenic- 
ity model was needed to test the pure 
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Figure 1.—Pathogenicity model system to 
test pure bacterial isolates obtained from lar- 
val cultures. 
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Figure 2.—Graphic representation of mean 
percent mortality values of equivalent 
concentrations of inocula of all tested isolates 
(35) (each replicated in triplicate), their cul- 
tural filtrate, uninoculated broth medium, and 
‘*Instant Ocean’’ controls. 


bacterial isolates obtained from the lar- 
val cultures. The same model could be 
utilized to test environmental factors, 
drug efficacy, and other factors for their 
influence in such disease models. This 
model system was assembled in plastic 
‘“‘disposo’’ trays and consisted of 6 
rows, of 4 wells per row, containing 
precalculated approximate numbers of 
shellfish larvae from 3 to 14 days of age 
(Fig. 1). To each row was added a 


known dilution of the test substance. In 
testing for bacterial pathogenicity, pure 
24-hour broth cultural bacterial isolates 
were added to each of the first 3 rows of 
the plate; from left to right, each well of 
each of the first three rows containing 
approximately 107, 10°, 10%, and 10! 
bacteria per milliliter of well larval sus- 
pension. The fourth row was given the 
equivalent dilution of bacteria-free 
filtrate (Millipore filtrate) of the broth 
culture to correspond to the dilutions of 
the bacterial suspension wells above 
this row. The fifth row received again, 
equivalent dilutions of sterile culture 
broth (plate count agar broth - PCA). 
The last (sixth row) received equivalent 
dilutions of synthetic sea salts (Instant 
Ocean)' to the shellfish larval suspen- 
sions. The results of the above test were 
read at the end of a 24-hour incubation 
period. The number of alive and dead 
larvae in each well was counted and the 
percentage mortality for each well was 
determined. In this manner the effects 
of dilution and comparison of the af- 
fects of added ingredients could be 
measured to determine their relative 
influence on pathogenicity. 


RESULTS 


The results of the above pathogenic- 
ity tests (Fig. 2) suggest that almost all 
bacterial isolates at high concentrations 
(>10°/ml) are pathogenic for shellfish 
larvae; however, only ‘‘true’’ patho- 
gens kill at very high dilutions (<10*/ 
ml). The latter suggests that these true 
pathogens require larvae for growth. 
Note that the presence of higher con- 
centrations of even sterile nutritive 
broth produces a lethal effect. Accord- 
ingly, this may suggest that food con- 
centrations, dead or decaying algal 
foods, or larvae may aggravate the 
pathogenic effect of both extrinsic and 
intrinsic microbial concentration 
(within the larvae). Future studies are 
needed. At high concentrations of bac- 
teria and/or equivalent culture media 
(107 or greater), lethal effects are rapid 
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and are not associated with protozoan 
activity. However, at levels corres- 
ponding approximately to 10°/ml, le- 
thal effects are indicated by more 
gradual losses and are associated with 
intense protozoan proliferation and ac- 
tivity. The latter probably originate 
from the normal intrinsic microbial 
flora of the shellfish larvae. In fact, if 
one were to observe such cultures with- 
out knowing of the presence of the ex- 
perimental bacterial inoculum, the ag- 
gressive behavior of the protozoan 
attack on the shellfish larvae would 
suggest that they are the primary patho- 
gen. The mechanism responsible for 
this phenomenon requires further 
study. Direct observation of the af- 


fected larvae in this bacterial study sup- 
port common diagnostic signs and le- 
sions evident in diseased larvae and is a 
separate discussion in other studies. 

The results of field studies of bacte- 
rial populations of hatchery media and 
its ingredients tend to support the ex- 
perimental studies. Diseased larval cul- 
tures are associated with bacterial popu- 
lations 10’ or greater per milliliter. 
Further studies will be required to 
define the specific chemical or physical 
tests of hatchery media and ingredients 
and their parameters that would be use- 
ful in disease detection and diagnosis 
that could be related to specific 
pathogenic agents. 

As a result of these studies, the need 


to monitor and define hatcheries for op- 
timum performance becomes more ap- 
parent. Since individual hatcheries are 
different, each hatchery must be 
evaluated for its operational methods 
and equipment. 
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Control of Fish Diseases 


S. F. SNIESZKO 


ABSTRACT — Severity of outbreaks of communicable diseases of fishes is 
influenced by environmental conditions. Therefore, beneficial results of 
chemotherapy depend on the specific action of drugs and the maintenance of 
conditions favorable to the treated fishes. This paper deals mainly with the 


therapeutic control of fish diseases. 


RELATIONSHIP OF HOST, 
PATHOGEN, AND 
ENVIRONMENT 


It is generally accepted that all out- 
breaks of a communicable disease are 
the result of interaction between the 
host, the pathogen, and the environ- 
ment. This is particularly true in regard 
to fishes, which are coldblooded and 
utilize oxygen dissolved in water. The 
environment of the open sea is very 
stable, but in the inland waters and in 
fish farms extreme water temperatures, 
low dissolved oxygen contents, pre- 
sence of fish catabolic products, and 
general pollution often produce stresses 
which contribute to outbreaks of infec- 
tious diseases. According to Seleye 
(1955), Pasteur, who established the 
role of microbial pathogens in diseases, 
allegedly said, ‘‘Le microbe n’est rien, 
le terrain est tout’’ (the microbe is noth- 
ing; the environment is everything). 


TREATMENT AND CONTROL 
OF FISH DISEASES 


The practical fish culturist expects 
the fish disease specialist to provide 
ironclad remedies which will work 
under all circumstances (Snieszko, 
1975; Fryer, 1978). This is not possible 
because a drug is just a crutch which is 
used to help the host survive the infec- 
tion until the pathogen is subdued and 
the environment improved. The out- 
come of treatment depends on the sus- 
ceptibility of the host to any particular 
disease, the species, number and viru- 
lence of the pathogen, and the degree 
and duration of stress caused by im- 
proper environment (Endo et al., 
1973). (See also section on Selected 
References. ) 

This relationship can be graphically 
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presented by the use of sets and subsets 
(Kemeny et al., 1957) as is done in 
regard to fishes by Snieszko (1973, 
1974) and Wedemeyer (1974), and in 
regard to dental caries by Sherp (1971). 
It can also be presented in the form of an 
algebraic equation: 


H+P+S? =D 


where: H = species and strain of the 
host, its age, and inher- 
ited susceptibility to any 
particular disease; 

P =the agent causing the 
disease with all its var- 
iability; 

S = stress of the environ- 
ment; and 

D = the disease which results 
if the components on the 
left side of the equation 
are in proper qualitative 
and quantitative rela- 
tionship. 


In this equation, the square of S is used 
because the stress caused by the envi- 
ronment increases in geometrical pro- 
gression when the conditions are ap- 
proaching the limits of tolerance by the 
host. 


Administration of Drugs 


Drugs are administered to fishes in a 
number of ways (Herman, 1970) (Table 
1). In external parasitic infestations, 
drugs can be added to water for differ- 
ent lengths of time. Some antibiotics 
are injected intraperitoneally. For oral 
administration, drugs may be mixed 
with feed. This method is complicated 
by the fact that the rate of feeding is 
calculated as a percentage of fish 
weight. This percentage varies with dif- 
ferent fishes and is strongly influenced 
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by the age of fishes and water tempera- 
ture (Halver, 1972). Therefore, it is 
often difficult to prepare a diet with just 
a single concentration of the drug. 


Drugs Commonly Used 


Drugs which are poorly soluble in 
water but easily absorbed from the 
lumen of the intestines are preferable. 
In case of intestinal parasites, drugs are 
selected which act in the gut. Many of 
the drugs used in control of diseases of 
fishes are the same ones used for hu- 
mans and domestic animals. Recently, 
Japanese and German manufacturers 
released nitrofurans for fishes. They are 
soluble in water and can be used as 
baths or mixed with feeds. The 
Japanese drug is_ ni-furpirinol 
(Furanace') (Anonymous, n.d.; 
Amend and Ross, 1970). The German 
product is nifurprazine which is sold in 
Germany as Carofur (Duefel, 1970; 
Shiraki et al., 1970) and is also licensed 
for production in Japan as Aivet. These 
nitrofurans are excellent in systematic 
infections caused by Aeromonas punc- 
tata and related forms, and by Vibrio 
anguillarum, and for columnaris dis- 
ease, gill disease, and others. They are 
added to water in concentrations from 
0.05 to 1 ppm depending on the dura- 
tion of treatment. These drugs can be 
used orally with feed. They are quickly 
eliminated from the tissues leaving no 
detectable residues within 2 days. 
Among the older nitrofurans, furazoli- 
done (Furoxone) is effective in oral 
administration. Among antibiotics 
most often used are oxytetracycline 
(Terramycin), chloramphenicol (Chlor- 
omycetin), and chlortetracycline 
(Aureomycin) (Herman, 1970). The 
latter is used chiefly as a bath for 
aquarium fishes. 

Among the most often used sul- 
fonamides are sulfamerazine, sul- 
famethazine, and sulfisoxazole (Her- 
man, 1970). Only sulfamerazine and 
Terramycin are now cleared by the 
Food and Drug Administration (FDA) 
for control of certain diseases of fishes. 
'Reference to trade names does not imply en- 
dorsement by the National Marine Fisheries Ser- 
vice, NOAA. 


65 





Table 1.—Chemicals used most frequently for control of infectious diseases of fishes. 





Chemical agent 


Method of administration 


Chemical agent 


Method of administration 





Acetic acid, glacial 


Acinitrazole 
(2-Acetamido-5-nitrothiazole) 
Acriflavine 
(Trypaflavine) 
Aivet 
(soluble powder contains 6.6% Nifur- 
prazine HCl (same as Carofur)) 
Aureomycin 
Betadine 
(lodophor containing 1.0% of iodine) 
Bithionol 
(2,2'-Thiobis) (4,6-dichlorophenol) 
(a French product also known as 
Cogla) 
Brilliant green 
(same as Malachite green G sulfate) 
Bromex 
(Dibrom, Naled; a pesticide) 
Buffodine 


Butyl tin oxide 
(di-n-butyl tin oxide) 
Calcium cyanamide 


Calcium oxide 
(quicklime) 


Carbarsone oxide 


Carofur 
(a product containing 6.66% of 
Nifurprazine HCI 
Chloramine—| 


Chloramphenicol 
(Chloromycetin) 


Chlorophos 
Chlortetracycline 
(Aureomycin) 


Ciodrin 
(Shell Petroleum product; a pesticide 
similar to Dipterex, Dylox, Masoten). 
Cogla 
(D2N Cogla) 
Concurat 
(2,3,5,6 tetrahydro-6-phenylimidazo) 
(2, 1-b) thiazolhydrochloride) 
Copper sulfate 
(Blue stone) 
CuSO, anhydrous 
CuSO, 5H,0 crystalline 


Cutrine 
(chelated copper compound) 


Cyzine 
(Enheptin-A) 
Detrapan 
(in use in France) 


Devermin 


Diibutylin dilaurate 
(Butynorate, Tinostat) 

Dimeton 

Dimetridazole 

Dipterex 

Diquat 
(patented herbicide, Ortho Co. con- 
tains 35.3% of active compound) 


Dylox 
(Dipterex, Neguvon, Chlorophos, Tri- 
chlorfon, Foschlor, Masoten) 
Enheptin 
(2-Amino-5-nitrothiazole) 
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Dilute in water: 
1:500 for 30-60 seconds (dip) 
1:2,000 (500 ppm) as bath for 30 minutes 
Used for Hexamitiasis in Norway. 40 mg/kg 
feed for 4 days 
5-10 ppm added to water from several hours 
to several days 
See Nifurprazine 


See Chlortetracycline 
See lodophors 


Orally 0.2 g/kg of fish or 2% in food. Feed 
for 2-3 days. For Acanthocephala and oral 
prophylaxis against Saprolegnia. 


See Malachite green 


0.12 ppm added to (pond) water for indef- 
inite time. 

See lodophors 
Buffodine is a neutral formulation of an 
iodophor giving nearly neutral solutions 
in water. 

25 mg/kg body weight per day with food for 
3 days. 

Distributed on the bottom and banks of 
drained but wet ponds at a rate of 200 
g/m?. 

Distributed on the bottom and banks of 
drained but wet ponds at a rate of 200 

/m2. 

Mixed with food at a rate of 0.2%. Feed 
for 3 days. 

See Nifurprazine 


In water with pH 7.5-8.0, 18-20 ppm. Change 
50% of water once each week if water 
temperature 10°C or below. At 25°C, 
one treatment for 2-3 days. 

1. Orally with food 50-75 mg/kg body weight 


per day for 5-10 days. 
2. Single intraperitoneal injection soluble 
form 10-30 mg/kg. 
3. Added to water 10-50 ppm for indefinite 
time as needed. 
See Dylox 
10-20 ppm in water. In eel diseases in 
Japan it is added to feed at a rate of 
10-20 mg/kg of food. 
For control of Lernea in Japanese eel 
culture. 


See Bithionol 


Broad spectrum anthelminthic 


For a 1 minute dip: 1:2,000 (500 ppm); in 
hard water add 1 mi glacial acetic acid 
/liter. 

0.25-2 ppm to ponds. Quantity depends on 
hardness of water. Hard water requires 
more. 

Aquatic herbicide as copper sulphate but 
not affected by hardness of water, and 
somewhat less toxic to fish. 

20 ppm in feed for 3 days for Hexamita 


Systemic antifungal drug, for fish after 
spawning: 0.25 mi/kg intramuscularly used 
twice every 48 hours 

0.1 g/kg of fish orally with food for con- 
trol of Cestoda. 

250 mg/kg of fish orally or 0.3% in food 


See Sulfamonomethoxine 

0.15% mixed with food for 3 days 

See Dylox 

1-2 ppm of Diquat cation, or 8.4 ppm as 
purchased added to water. Treatment for 
30-60 minutes. Activity much reduced in 
turbid water. 

0.25 ppm to water in aquaria and 0.25-1.0 
ppm in ponds for indefinite period 


0.2% in food for 3 days for Hexamita 


Formalin 
(37% by weight of formaldehyde in 
water. Usually contains 12-15% 
methanol) 

Formalin with 
Malachite green 


Fosfomicina 
(a Spanish antibiotic; CHO ,P) 
Furanace (P-7138) 
(Ni-furpirinol); (6-hydroxymethyl-2- 
pyridine) 


Furazolidone 
(Furoxone N.F. 180 N.F. 180 Hess & 
Clark commerical products contain 
furazolidone mixed with inert mater- 
ials) 

Furoxone 

Furpyridinol 
(product containing 10% Furanace) 

Hyamine 


(Rohm & Hass Co., quaternary ammon- 


ium germicide available as crystals 
or as 50% solution) 
lodine 


lodophors 
(Betadine, Wescodyne, Bridine, etc.) 


Kamala 


Kanamycin 
(antibiotic also traded as Cantrex, 
Kamycin, Resistomycin) 
Malachite green 


Malachite green with Formalin 
Masoten 
Mefarol 
(probably similar to Hyamine) 
Methylene blue 
Metronidazole 
(1-beta (hydroxyethy!)-2-methyl-5-ni- 
troimidazole) 
Nalidixic acid 
(1-ethyl-1 ,4-dihydro-7-methyl-4-oxo- 
1,8-naphthyridine-3-carboxylic acid) 
NegGram; Wintomylon. 
Neguvon 
Ni-furpirinol 
Nifurprazine (HB-115) 
(Nitrofuran, unstable in prolonged 
exposure to sunlight. 1-(5 nitro-2-furyl) 
-2-(6-amino-3-pyridazyl) ethylene- 
hydrochloride) (Carofur and Aivet 
are water sol.:ble formulations.) 
Nitrofurazone 
(5-nitro-2-furaldehyde semicarbazone) 
Oxolinic acid 
(1-ethyl-1, dihydro-6, 7-methyl- 
enedioxy-4-0xo-3-quinoline 
carboxylic acid) 
Oxytetracycline 
(Terramycin) 


Ozone 


Potassium permanganate 
KMnO, 


Potentiated sulfonamide 
(Sulfadimethoxine potentiated with 
ormetoprim) 


1:500 for 15-minute dip. 1:4,000-1:6,000 
for 1 hour. 15-19 ppm to pond or aquarium 
water for indefinite period 


In formulations of Formalin with malachite 
green, Formalin is used at 15 to 25 ppm 
and malachite green at 0.05 to 0.1 ppm. 
For several hours in aquaria and for in- 
definite period in ponds. 

For Aeromonas infections in fishes 


Used as bath but may be added to food. As 
bath: 1 ppm for 5-10 minutes; 0.05-0.1 
ppm may be added for indefinite period 
to water. Orally for treatment: 2-4 mg/kg 
fish per day for 3-5 days. Orally for 
prophylaxis: 0.4-0.8 mg/ fish per day 
as long as needed. 

On the basis of pure drug activity; 25-75 
mg/kg body weight per day up to 20 days 
orally with food. 


See Furazolidone 

Added to water 0.3-10 ppm, as is, for 30- 
60 minutes. Also see Furanace. 

1.0-2.0 ppm (on basis of 100% product) in 
water for 1 hour. 


In form of a Lugol solution or iodine for 
control of goiter and possibly corynebac- 
terial kidney disease. 

Different commercially available iodophors 
contain different concentration of io- 
dine. To be used on a basis of pure io- 
dine present in the product. Use 50-200 
ppm iodine (usually 100 ppm) for disin- 
fection of eggs for 10-15 minutes. Toxic 
to hatched fish. Probably also assist in 
control of some virus fish diseases. 

Mixed with diet at a rate of 2%. Feed to 
starved fish for 3 days. 

50 mg/kg of fish or 25-100 mg/kg of food. 
Feed for a week. 


1:15,000 in water as a dip for 10-30 sec- 
onds, 1-5 ppm in water for 1 hour; 00.5 to 
2.00 ppm in ponds or aquaria for indefinite 
time. 

See Formalin 

See Dylox 

1-2 ppm in water for 1 hour. Toxic in very 
soft water; less effective in hard water. 

1.0-3.0 ppm in water for 3-5 days. 

4 mg/liter of water for 3-4 days for con- 
trol of protozoan ectoparasites in orna- 
mental fishes. 

Similar in action to oxolinic acid. One 
tablet per 50 to 100 liters of water for 
treatment of 3-4 days duration. Infec- 
tions with gram-negative bacteria. 

See Dylox 

See Furanace (P-7138) 

As bath: for indefinite period 0.01-0.1 ppm. 
In food: 10 mg/kg of food. Feeding for 3-6 
days at a time. 


See Furazolidone, Furoxone 


For control of Aeromonas infections. Orally 
3 mg/kg fish once daily for 5 days. As 
bath: 1 ppm for 24 hours for columnaris 
disease. 

50-75 mg/kg body weight per day for 10 days 
with food. (Law requires that it must be 
discontinued for 21 days before fish are 
killed for human consumption.) 

Is being investigated as remedy for exter- 
nal infection and for decontamination 
of water. 

1:1,000 (1,000 ppm) for a 10-40 second dip. 
10 ppm up to 30 minutes, 3-5 ppm added 
to aquarium or pond water for indefinite 
time. 

For control of furunculosis and other sys- 
tematic infections. Used with feed 50 mg 
/kg fish per day. 


Table 1 continued on next page. 





Table 1 continued. 





Chemical agent 


Method of administration 


Chemical agent 


Method of administration 





Povidone-lodine 
(PVP-1) 
Quinine hydrochloride or Quinine 
sulfate 
Roccal 
(Sold as 10-50% solution of Benzal- 
konium chloride. Quaternary ammonia 
germicide—also see Hyamine) 
Sodium chloride 
(table salt, iodized or not) 
Sulfadimethoxine sodium 
(in Japan available as 10% powder) 
Sulfamerazine 


See lodophors 


hard water 


1-2 ppm in water for 1 hour. Toxic in soft 
water: less effective and less toxic in 


1-3% in water for 30 minutes to 2 hours 
orily for freshwater fishes 

100-200 mg calculated as pure drug per 
kilogram of food 

200 mg/kg body weight per day with food 


Sulfamerazine (cont.) 


10-15 ppm in water for indefinite time 


Sulfamonomethoxine 


Sulfisoxazole 
(Gantrisin) 

Terramycin 

Tetrafinol 


Tin oxide, di-n-buty! 
Wescodyne 


(trade name Dimeton; water soluble) 


for 14 days. (Law requires that treatment 
must be stopped for 21 days before fishes 
are killed for human consumption.) 

With feed as is at a rate of 100-200 mg/kg 
of feed. Use as needed 

200 mg/kg body weight per day with food 


See Oxytetracycline 

For control of intestinal helminths; used 
with feed 

See Butyl tin oxide 

Use as explained under lodophors 


(lodophor containing 1.6% of iodine) 





Chemoprophylaxis 

With fishes, drugs are used for pre- 
vention (chemoprophylaxis) and treat- 
ment (chemotherapy). Chemopro- 
phylaxis is very effective, particularly 
if applied when an outbreak of a par- 
ticular disease is anticipated. Outbreaks 
of diseases in fish farms are greatly af- 
fected by environmental stress, and 
chemoprophylaxis is very effective 
provided the stress factor is removed 
before the treatment ends. 

In some chronic diseases, such as 
corynebacterial kidney disease, timely 
use of chemoprophylaxis with sul- 
fonamides may prevent, or reduce, los- 
ses very significantly. In endemic 
areas, fish should receive sulfa- 
methazine or sulfamerazine with feed at 
a rate of about 4 g/100 kg fish per day. 
This treatment may be repeated daily, 
given several days in a week, or re- 
peated periodically. Usually, such 
treatment is continued for months 
(Herman, 1970). 

The danger of chemotherapy is in 
developing strains of bacteria which are 
resistant or contain the transferable re- 
sistance factor “‘R’’. Microorganisms 
isolated from imported ornamental 
fishes often contain a wide spectrum of 
transferable resistance factors (Grat- 
zek, 1978). There is indirect evidence 
showing that these fish were treated 
with various drugs. 

Prophylaxis is now applied for re- 
moval of pathogens which may be pre- 
sent on the surface of fish eggs. Various 
chemicals were used for this purpose, 
but recently these have been replaced by 
iodophors, complexes of iodine and or- 
ganic chemicals. Eyed eggs are usually 
treated with iodophors by immersion 
for 15 minutes in water buffered to 
about pH 7.0-8.0 and containing about 
100 ppm of elemental iodine present in 
the iodophor. It has been shown that 
iodophors are not only effective in con- 
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trol of external bacteria, but also in viral 
contamination (Amend and Pietsch, 
1972; Nelson, 1974a). 

Prophylaxis is very important in pro- 
tecting incubating fish eggs from the 
fungus Saprolegnia. One of the most 
reliable and most widely used methods 
of control is the exposure of eggs (at 1- 
to several-day intervals) to a bath con- 
taining 2-5 ppm of malachite green 
(Nelson, 1974b). 


Parasite Control 


There is a wide selection of therapeu- 
tic agents for the control of external and 
intestinal parasites of fishes (Hoffman 
and Meyer, 1974). However, there are 
no treatments for systemic parasites. 
The intradermal parasites such as 
Ichthyophthirius and Cryptocaryon are 
very bothersome. Only their free- 
swimming stage is amenable to drugs. 
It is difficult to reach the disease- 
causing stage of these parasites which 
are buried in the skin. Observations in- 
cidental to research on potentiated sul- 
fonamides (Bullock et al., 1974; 
McCarthy et al., 1974) have shown that 
the potentiator ormetoprim accumu- 
lates in the skin of fishes. It would be 
interesting to find out if it has any effect 
on the intradermal form of these para- 
sites. 


Early Diagnosis Important 
in Treatment 


Chemotherapy and other treatment 
methods have recently been reviewed 
by Herman (1970) and Hoffman and 
Meyer (1974). Therefore, I will make 
only general comments here. To be ef- 
fective, chemotherapy must be prompt 
and directed toward the specific patho- 
gen. Therefore, correct diagnosis is of 
utmost importance. When diagnosis 
must be delayed for a day or two, it is 
desirable to make a tentative diagnosis 
immediately and start treatment be- 


cause any delay may increase losses 
considerably. The selection of the drug 
may have to be modified when the final 
diagnosis is made and the drug’s sus- 
ceptibility to the pathogen is deter- 
mined. 


Effectiveness of Chemotherapy 


In the evaluation of the effectiveness 
of chemotherapy, counts of mortalities 
are important. One must remember that 
reduction of mortalities may not be real 
but only apparent by additive counting 
of losses. Whenever possible, mor- 
talities should be expressed as mor- 
talities per day, or per period, and based 
on the number of fish surviving at the 
start of each period. This calculation is 
only possible if a fairly accurate 
number of fish is known before the dis- 
ease breaks out and if accurate daily 
counts of losses are made. 


COST OF DISEASE CONTROL 
OF PRIME IMPORTANCE 


Realistically speaking, the monetary 
value of losses caused by diseases is 
limited. Therefore, the cost of disease 
control cannot exceed the value of lost 
fishes. It is well to keep this in mind 
when developing methods for control 
of fish diseases. 
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Fish Disease Inspection 
and Certification 


DIANE ELLIOTT 


ABSTRACT—Many countries now require that incoming shipments of salmonid 
fishes be inspected and certified free of certain diseases. This paper briefly 
describes general procedures for conducting disease inspections of salmonid 
rearing facilities. In addition, methods for detecting the presence of bacterial 
pathogens, the sporozoan Myxosoma cerebralis, and three viruses (infectious 
pancreatic necrosis, infectious hematopoietic necrosis, and viral hemorrhagic 
septicemia) are outlined. Modifications of inspection procedures are also discus- 


sed. 


The growing awareness of the spread 
of fish diseases by indiscriminate trans- 
fers of fish has led to the development 
of laws and regulations controlling the 
importation of fish, fish eggs, and some 
fish products in at least 42 countries. 
Some countries, particularly the United 
States, Canada, and a number of others, 
require that incoming salmonid fish 
shipments or the hatcheries of origin be 
examined by a recognized hatchery in- 
spector and certified free of certain dis- 
eases. In addition, some U.S. States 
and Canadian Provinces require that 
fish shipments imported from other 
states or provinces within the country 
also be inspected. 

Most of the inspection and diagnostic 
procedures which I will describe per- 
tain only to salmonid diseases. The 
methods for the most part are those 
which were approved by the Fish 
Health Section of the American 
Fisheries Society (1975), and are now 
available as a manual. Therefore, I will 
not go into each procedure in detail; 
instead, I will concentrate on some of 
the problems that I have encountered 
when using these procedures or some of 
the changes which I have made to fit 
certain needs. 
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DISEASE-FREE 
CERTIFICATION OF FISH 


For a fish rearing facility to be cer- 
tified free of a specific disease or dis- 
eases, periodic inspections must be 
conducted by a qualified biologist. Fre- 
quency of inspections and the number 
of inspections required before disease- 
free certification can be issued varies 
from nation to nation, but inspections 
are usually conducted once or twice 
yearly with two to four samplings re- 
quired prior to issuance of disease-free 
certification. Issuance of this certifica- 
tion is also based on the hatchery own- 
er’s warranty that no uncertified fish or 
eggs have been brought to the hatchery 
subsequent to inspection and no major 
undiagnosed mortalities have occurred 
since inspection. 

During an inspection, it is imperative 
that all lots of fish present at the facility 
be sampled by the certifying inspector. 
A lot is defined as fish of the same age 
which have always shared the same 
water supply and which have originated 
from a discreet spawning population. 
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Sampling 


After determining the number of lots 
in a hatchery, the next step is to decide 
on the number of fish to be sampled 
from each lot. In an inspection, the 
hatchery inspector is attempting to de- 
tect asymptomatic carriers as well as 
diseased fish. Therefore, the method of 
determining the actual number of fish to 
be sampled is based on obtaining a 95 
percent probability of detecting at least 
one disease agent carrier in a lot with an 
assumed prevalence of carriers. Ac- 
cording to American Fisheries Society 
procedures, the assumed carrier inci- 
dence is 5 percent for all diseases which 
are detectable in the carrier state except 
infectious hematopoetic necrosis (IHN) 
virus where the assumed incidence is 2 
percent. Some other countries have 
slightly different procedures based on 
different assumed carrier incidences. 
Tables are available to help the inspec- 
tor determine the correct sample size 
for each lot of fish. Once the correct 
sample size has been determined, the 
inspector must follow approved proce- 
dures for selecting tissues to be sampled 
and for processing the sample tissues. 
The procedure, used, of course, de- 
pends on the disease agent or agents 
which the inspector is trying to detect. 


Viral Diseases 


The pathogens which I have most 
commonly inspected for are the three 
salmonid virus disease agents: viral 
hemorrhagic septicemia (VHS), infec- 
tious pancreatic necrosis (IPN), and 
IHN. At present, the only approved 
procedure for determining the presence 
or absence of any of the viruses in- 
volves the isolation of the virus from 
fish tissues or sex products on cell cul- 
ture. For detection of IPN and VHS 
viruses, I sample the posterior kidney 
and spleen from fish over 5 cm in 
length, entire viscera from fingerlings 
up to 5 cm, and for sac fry, the entire 
fish. For IHN virus, the only reliable 
way to detect the carrier state is to sam- 
ple the ovarian or seminal fluid of 
spawning fish. Ovarian fluid is prefer- 
red for most fish species except for 
rainbow trout where seminal fluid has 
been found to carry the virus to an equal 
extent. Samples for virological analysis 
are transported to the laboratory on ice, 
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but are never frozen, because some IPN 
virus strains lose viability after freezing 
and thawing. Visceral samples are 
processed by first homogenizing in 
saline and then centrifuging the 
homogenate to remove debris and bac- 
teria. Total dilution of visceral samples 
prior to inoculation should not exceed 
1:200. The ovarian fluid samples are 
usually processed like the tissue sam- 
ples, except that they are preferably not 
diluted, or at the most not more than 
1:10. 

Samples are then decontaminated by 
adding penicillin, streptomycin, and 
mycostatin. Gentamicin’ may be sub- 
stituted for the penicillin and strep- 
tomycin and it may be preferable since 
it inhibits some of the mycoplasmas and 
is more efficacious against some of the 
pseudomonads. Pseudomonads some- 
times give a false cytopathic effect 
(CPE) reaction which resembles that of 
IHN. After a 2-hour period at 15°-20°C 
to allow the antibiotics and antimyco- 
tics to work, the samples are refriger- 
ated until inoculation. The samples 
must be inoculated into cell cultures 
within 7 days after they are collected. 

I use the rainbow trout gonad 
(RTG-2) cultures for IPN detection, 
and fat head minnow (FHM) cultures 
for IHN and VHS detection. Some in- 
spectors use only one cell line for all 
viruses, which is acceptable, but I use 
two lines because I have found that the 
RTG-2 line is much more sensitive to 
IPN virus and the fat head minnow line 
seems to be a little more sensitive to the 
IHN virus. In addition, the use of two 
lines in many cases for one sample 
gives a double chance for virus isola- 
tion, particularly if something should 
go wrong with one set of cultures. Both 
of these cell lines are stable, have been 
karyotyped, and are commercially 
available. All of my cell cultures are 
grown in Eagle’s MEM with Earle’s 
base and with 10 percent agamma new- 
born calf serum added. Fetal calf serum 
may be used with good results. I use the 
new Falcon Multiwell Plate or Linbro 
Multi-Dish Tray rather than conven- 
tional tissue culture tubes. Each of the 


‘Reference to trade names does not imply en- 
dorsement by the National Marine Fisheries Ser- 
vice, NOAA. 
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24 wells in the plates easily hold about | 
ml of media, but the plates occupy 
much less incubator space and are 
quicker to inoculate and read than are 
tubes. 

The plate may be handled as a closed 
system by using an adhesive film to 
cover the wells, or as an open system by 
using the lid which comes with the 
plate. To maintain the pH in the open 
system, I use Tris buffer. Samples are 
inoculated into cell cultures when the 
cultures are at least 24 hours old, but 
not more than 72 hours. When the cell 
monolayers are 80 to 90 percent 
confluent, 0.1 ml of each sample is in- 
oculated into each of two cell cultures. 
Positive and negative controls are in- 
cluded on each culture plate or on each 
set of culture plates for one cell line. 
The inoculated cultures are incubated at 
15°C for all three viruses and are ob- 
served for at least 14 days for the de- 
velopment of viral CPE. Material from 
any suspicious-looking cultures is in- 
oculated into fresh cultures. If the CPE 
resembles that caused by any of the 
three salmonid viruses, a serum neu- 
tralization test is performed using 
specific antiserum to confirm the iden- 
tity of the isolate. I usually use serum 
produced in either trout or rabbits for 
this purpose. 


PARASITIC DISEASES 


The only parasite which I have 
routinely inspected for is Myxosoma 
cerebralis, the causative agent of whirl- 
ing disease. To detect this parasite, I 
use the method developed by Markiw 
and Wolf (1974). The inspector sam- 
ples heads of fish between 4 and 12 
months of age, as this is the age where 
the fish are still small enough to handle 
easily, but are old enough to be carrying 
spores rather than just trophozoites. 
The fish are processed in pools of up to 
60 fish. The heads are heated for 5 to 10 
minutes in water at 50°C to make flesh 
removal easier. The flesh, brain, spinal 
column are discarded, retaining the 
skull and gill arches. These elements 
are digested in acidic pepsin solution at 
37°C until no chunks remain. The mix- 
ture is centrifuged at 1,200 g for about 
10 minutes. The pellet is then further 
digested in basic trypsin solution at 


22°C for 30 minutes. After stopping the 
trypsin digestion by adding serum, the 
material is centrifuged again and the 
pellet is resuspended in a small amount 
of saline with serum. It is layered on top 
of a 55 percent dextrose solution and 
centrifuged at | ,200 g for 30 minutes. If 
the spores are present, they will be 
found in a pellet at the bottom of the 
dextrose gradient. The efficiency of 
spore recovery with this method, ac- 
cording to Wolf, is about 80 percent. 

{ have found this method to be quite 
satisfactory for the most part, but have 
experienced one problem with it. I have 
seen some false positives in certain 
areas in the State of Washington where 
coho and chinook salmon carry a 
sporozoan, Myxobolus kisutchi, in the 
hind brain and spinal cord (Yasutake 
and Wood, 1957). The parasite looks 
very much like Myxosoma cerebralis. 
Although we remove as much of the 
brain and spinal column as we can when 
processing the fish, if the incidence of 
this parasite is very high, spores fre- 
quently will remain. There are criteria 
to distinguish between the two para- 
sites. For example, Myxobolus has an 
iodinophilous vacuole, while Myxo- 
soma does not. This can be determined 
by staining viable spores with an iodine 
preparation and examining microscopi- 
cally. Another procedure which can be 
used is to examine the head and spinal 
cord area histologically to determine 
the location of the parasite. Myxobolus 
kisutchi occurs in the brain and spinal 
cord only, and not in the cartilaginous 
or bony elements of the head and spinal 
column where Myxosoma cerebralis 
occurs. 


BACTERIAL DISEASES 


I have been asked occasionally to 
inspect for the presence of certain 
bacterial diseases. If the hatchery is 
being inspected for certification, I usu- 
ally select only moribund fish from the 
hatchery over a period of several 
months. I sample by streaking material 
from the kidney or other organs which 
exhibit lesions onto the appropriate 
agar medium. I also gram stain the 
material and look for bacterial patho- 
gens. Isolated organisms are identified 
primarily by biochemical testing, since 
serological reagents have only recently 
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become available. Standard media are 
used in conjunction with the API 
Analytab system. This system was 
designed for the identification of En- 
terobacteriaceae and other gram- 
negative organisms, such as Pseu- 
domonas, Aeromonas, Vibrio, and 
Flavobacterium. Since most fish 
pathogens are gram negative, the sys- 
tem works fairly well for identifying 
them. The API Analytab contains de- 
hydrated media for over 20 different 
biochemical determinations. The 
media is reconstituted by adding distil- 
led water or saline in which the colony 
to be identified is suspended. The col- 
ony is picked from a culture plate for 
this determination. This system is well 
suited to a small laboratory which may 
not be able to produce many kinds of 
biochemical test media. One of the 
main advantages of the API Analytab, 
besides its compact size and ease of 
use, is the coding system which has 
been developed by API for quick and 
easy identification of the organisms. 
The system is designed primarily for 
human pathogens, rather than fish 
pathogens, but a number of fish or- 
ganisms, such as P. flourescens and A. 
liquifaciens, are included. In addition, I 
have modified the coding to identify 
other fish pathogens. 

I should mention that for the bacterial 


kidney disease organism (Corynebac- 
terium sp.), which is not very amenable 
to culturing, I have been relying up to 
this point strictly on gram stain charac- 
teristics. Recently, immunodiffusion 
and indirect flourescent antibody 
techniques have been developed to de- 
tect the presence of the kidney disease 
organisms in fish. Both of these 
methods are much more sensitive than 
the old gram stain method, and both are 
described in the American Fisheries 
Society (1975) disease detection proce- 
dures manual. The flourescent antibody 
technique is a little more suited to our 
needs since it takes about 1-2 hours to 
complete, as opposed to 20-24 hours 
for the immunodiffusion technique. 


DIAGNOSTIC EXAMINATION 
OF FISH 


For diagnostic purposes, as opposed 
to disease-free certification, 25-50 dis- 
eased fish are requested. I prefer to re- 
ceive the fish while they are still alive. 
If this is not possible, I request that they 
be sent on ice, but not frozen, or that 
some be fixed in Bouin’s solution and 
the rest sent on ice. When the live fish 
are received, they are divided into four 
groups. Some are examined externally 
and internally for parasites, some are 
prepared by bacteriological analysis, 
some are processed for virological 


analysis, and the rest are placed in 
Bouin’s fixative for histological sec- 
tioning. The use of four methods of 
analysis provides a good picture of the 
disease pathology and its etiology. 


MOVING TOWARD 
IMMUNOLOGICAL 
TECHNIQUES 


The diagnostic and inspection field is 
moving more and more toward im- 
munological techniques such as serum 
neutralization, immunodiffusion, im- 
munoflourescence, and immuno- 
peroxidase for the detection and iden- 
tification of fish disease agents. These 
methods should help to revolutionize 
the field, as they are much more sensi- 
tive and rapid than many of the older 
techniques. 
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NOAA/NMFS Developments 


Foreign Catch Cut in 
1978 Fishing Regulations 


Regulations published by the Com- 
merce Department’s National Oceanic 
and Atmospheric Adminstration will 
reduce the amount of fish allocated to 
foreign fishermen from the 1977 level 
of 2.1 million metric tons (t) to 1.9 
million t. 

Changes to regulations controlling 
foreign fishing within the U.S. 200- 
mile conservation went into effect 1 
January according to NOAA’s National 
Marine Fisheries Service. 

The reduction is caused by changes 
in the amounts of some species that can 
be caught and still permit the stocks to 
grow, and an increase in the capability 
of American fishermen to catch more 
fish. 

Another major change in the 1978 
regulations provides for an in-season 
review of fishing to determine if ad- 
justment should be made in the total 
allowable catch for each species, in the 


estimates of domestic catch, and in the 
amount of fish that may be caught by 
foreign fishermen. The review will be 
based primarily on current information 
on the status of the stocks, and actual 
versus estimated performance of 
domestic and foreign fleets in current 
and prior years. 

The largest reduction in the amount 
that may be allocated to foreign fisher- 
men occurs off the northeast coast. 
Amounts of six species available have 
been established as follows (1977 allo- 
cations are in parenthesis): silver hake - 
45,400 t (85,500); red hake 27,400 t 
(34,900); Atlantic herring - 0 t 
(22,000); Atlantic mackerel - 1,200 t 
(69,000); butterfish - 4,000 t (5,500); 
and other finfish - 46,800 t (60,000). 
Squid - 42,500 t and river herring - 500t 
remain unchanged from i977. 

Other changes affecting the northeast 
area are the establishment of a single 


foreign fishing area or ‘“*window’’ 
rather than several windows which 
were established in 1977. A quota has 
been set on the amount of each species 
that a foreign country is permitted to 
catch. When the quota is reached for 
any one of the species, all fishing by 
that country will be prohibited even 
though the quotas on other species may 
not have been reached. 

All nets used by foreign fishermen on 
the bottom must have meshes no smal- 
ler than 60 mm, and all other nets must 
have meshes no smaller than 45 mm. 

Off the Pacific coast, the amounts of 
five species available to foreign fisher- 
men have been reduced: Pacific hake - 
89,000 t (123,200); rockfishes, includ- 
ing Pacific ocean perch - 710 t (1,600); 
flounders - 90 t (125); sablefish - 90 t 
(250); other species - 445 t (600). The 
latter four species may only be taken as 
a small, unavoidable by-catch percen- 
tage of a nation’s allocation of Pacific 
hake. The amount of jack mackerel 
available remains at 4,000 t. Foreign 
fishermen in the area were restricted to 
a ‘‘vessel-day’’ limitation as well as an 
allotment last year; however, this limi- 
tation has been removed because its 
value as a management technique in 
this fishery is uncertain. 

In the Gulf of Alaska, available 
amounts of five species of fish have 





tails, and west coast crab— 
increased in the first half of 1977 
over average supplies of the previ- 
ous 2 years, according to the Na- 
tional Oceanic and Atmospheric 
Administration’s National Marine 
Fisheries Service, a Commerce De- 
partment agency. Greater supplies 
brought some softening in prices, 
viewed as a normal market reaction 
and not as an indication of any un- 
derlying weakness in demand. 
Sharp price increases experienced 
in 1975 and 1976 likely have af- 
fected the demand for shellfish, 





Shellfish Supplies Temper Prices 


Supplies of some major shellfish 
products—shrimp, scallops, lobster 


fisheries officials believe, making 
prices more sensitive to changes in 
supplies. Thus, even though strong 
market demand for shellfish prod- 
ucts is anticipated through the first 
half of 1978, supplies of some major 
shellfishes are expected to be 
sufficiently high to influence prices. 
The prices of shrimp, lobster tails, 
and king crab could drop, while 
higher prices are likely for scallops 
and American lobster, supplies of 
which are not likely to increase, of- 
ficials believe. 

Record landings of snow crab in 
1977 resulted from increased fishing 
effort, while the rise of landings of 


shrimp and scallops was associated 
with improved resources. In the first 
half of the year, imports of shrimp 
and scallops were at record levels. 
Imports of lobster tails have in- 
creased from countries which, in the 
past have supplied relatively small 
amounts to the United States. Re- 
ceipts from Nicaragua, for example, 
doubled from the previous year. 
Copies of ‘‘Shellfish—Market Re- 
view and Outlook—November 
1977”’ are available from the Indus- 
try and Consumer Services Divi- 
sion, National Marine Fisheries Ser- 
vice, NOAA, Washington, DC 
20235. 
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been reduced, and four have been in- 
creased: pollock - 117,340 t (149,000); 
Pacific Ocean perch - 18,900 t (29,000); 
flounders - 17,600 t (20,500); sablefish - 
8,000 t (19,500); other species - 12,960 
t (16,200). 

Those increasing are rockfish - 4,080 
t (4,000); Atka mackerel - 24,800 t 
(22,000); Pacific cod - 16,980 (2,300); 
squid - 1,600 t (0). An additional 
amount of fish, equivalent to 20 percent 
of the total allowable catch for each 
species, has been held in reserve for 
later allocation to foreign nations if 
U.S. fishermen do not exceed their es- 
timated catch. 

The amounts available in the Aleu- 


tian Islands and Bering Sea have 
changed also. Of the species available 
to foreign fishermen, six remain un- 
changed, two have increased, and three 
have decreased. Unchanged are pollock 
- 950,000 t, yellowfin sole - 106,000 t, 
Pacific Ocean perch - 21,500 t, squid - 
10,000 t, other species - 93,600 t, and 
snails - 3,000 t. 

Those species which have larger 
amounts available are: other flounders - 
139,000 t (105,000); Atka mackerel - 
24,800 t (0). The initial amounts avail- 
able have been reduced for: sablefish - 
3,900 t (7,400); cod - 58,000 t 
(56,500); and herring - 8,670 t 
(20,000). The amount of tanner crab 


available was to be decided at a later 
date. 

A reserve of 1,500 t of Pacific cod 
and 600 t of sablefish in the Bering Sea 
has been established for possible alloca- 
tion at a later date. 

In the Western Pacific 2,000 t of 
seamount groundfish are available. 

The regulations are published under 
the authority of the Fishery Conserva- 
tion and Management Act of 1976 and 
continue in effect until either amended 
by the Service or superseded by regula- 
tions implementing fishery manage- 
ment plans developed by the eight U.S. 
Regional Fishery Management Coun- 
cils. 





NOAA Names Three Top-Level Appointments 


Three appointments to top-level po- 
sitions at the National Oceanic and At- 
mospheric Administration have been 
announced by Richard A. Frank, 
NOAA Administrator. 

William C. Brewer, Jr., who has 
served since 1974 as NOAA General 
Counsel, will become Special Rep- 
resentative of the Secretary of Com- 
merce to the Law of the Sea Conference 
and Special Representative of the 
NOAA Administrator on Law of the 
Sea and International Law. Eldon Van 
Cleef Greenberg, Deputy General 
Counsel of the Agency for International 
Development, will become General 
Counsel of NOAA. Samuel A. 
Bleicher, who has been Acting Assis- 
tant Administrator for Policy and Plan- 
ning, will become Director of the 
newly-created NOAA Office of Ocean 
Management of the Commerce De- 
partment agency. 

Brewer, a resident of Washington, 
D.C., was a partner in the Boston law 
firm of Hill and Barlow before his ap- 
pointment as General Counsel of 
NOAA in 1974. He was graduated from 
Phillips Academy in 1939, Williams 
College (Phi Beta Kappa) in 1943, and 
from Harvard Law School in 1949. At 
that time he became General Counsel of 
the Mutual Boiler and Machinery In- 
surance Company. In 1953 he became a 
partner in the law firm of Peabody, 
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Koufman and Brewer, which was suc- 
ceeded by the firm of Hill and Barlow in 
1965. 

Brewer has served as adjunct profes- 
sor at Boston College Law School, 
teaching coastal zone management and 
international business law. He has been 
a director of several companies, and has 
written numerous articles for legal 
journals. 

Greenberg, who also lives in Wash- 
ington, D.C., was graduated Magna 
Cum Laude from Harvard College in 
1965 with a Bachelor of Arts degree. 
After post-graduate studies at the In- 
stitut de’ Etudes Politiques de Paris in 
France from 1965 to 1966, he took his 
J.D. degree Cum Laude from Harvard 
Law School in 1969. 

From 1969 to 1970 he was law clerk 
to Edward C. McLean, U.S. District 
Judge for the Southern District of New 
York, and for the next 2 years was as- 
sociate attorney at Debevoise, 
Plimpton, Lyons and Gates of New 
York. He was staff attorney at the 
Center for Law and Social Policy in 
Washington, D.C. from 1972 to 1977 
when he became Deputy General 
Counsel at the Agency for International 
Development. 

The author of several articles appear- 
ing in legal journals, Greenberg has 
served as adjunct professor in adminis- 
trative law at Georgetown University 


Law Center. He was Advisor to the 
United States Delegation to the Law of 
the Sea Conference from 1975 to 1977. 

Bleicher, a resident of Toledo, Ohio, 
was graduated from Northwestern Uni- 
versity in 1963, Phi Beta Kappa, with 
Honors in Economics, and received his 
J.D degree from Harvard Law School 
in 1966. He is a law professor at the 
University of Toledo College of Law, 
with emphasis on environmental, con- 
stitutional, and international law. He 
served from 1972 to 1975 with the Ohio 
Environmental Protection Agency, first 
as Deputy Director for Regulation and 
then as Deputy Director for Regulation 
and Enforcement. In 1976 and 1977 he 
served as Issues Analyst for the 
Carter-Mondale Presidential Campaign 
and Carter-Mondale Transition Team. 
He joined NOAA as Special Assistant 
to the Administrator with respon- 
sibilities for reorganization, policy 
planning, and executive recruitment in 
February 1977. He is the author of arti- 
cles in several law journals as well as 
college course materials on pollution 
and political boundaries. 


New Chart, Bathymetric 
Map Catalog Published 

A new catalog of special purpose 
charts and bathymetric maps has been 


published by the National Oceanic and 
Atmospheric Administration (NOAA). 
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Produced by the Commerce Depart- 
ment agency’s National Ocean Survey, 
the five-color map and chart catalog 
indexes bathymetric maps, topo- 
graphic/bathymetric maps, and marine 
boundary maps and charts. 

Also indexed for the first time are 
Tidal Current Charts, Marine Weather 
Service Charts, Storm Evacuation 
Maps, and orthophoto maps of Flori- 
da’s coastal zone. Included are insets 
indexing Offshore Mineral Leasing 
Area Maps, Geophysical Maps, and the 
International Hydrographic Bureau 
(IHB)-supported General Bathymetric 
(plotting) Charts of the Oceans 
(GEBCO). 

The catalog displays the new Fishery 
Conservation Zone with the 200-m 
(Continental Shelf) and the 2,500-m 
(Continental Slope) zones. A list of 
map and chart definitions describes 
each of the various products available, 
map and chart purchasing instructions, 
and prices. 

The catalog, ‘‘Map and Chart 
Catalog 5 - Bathymetric Maps and Spe- 
cial Purpose Maps,”’ is available free to 
the public. It may be obtained from 
NOAA’s National Ocean Survey, 
which made copies available at several 
boat shows early in the year. The 
catalog also may be obtained from the 
National Ocean Survey, Distribution 
Division (C44), Riverdale, MD 20840 
(Phone: (301) 436-6990); Counter 
Sales, National Ocean Survey, 6001 
Executive Boulevard, Room 101, 
Rockville, MD ((301) 443-8005); or 
from local marine supply agents. 


NOAA, FWS Will 
Aid Water Users 


The Commerce Department’s Na- 
tional Oceanic and Atmospheric Ad- 
minstration (NOAA) and the Interior 
Department’s Fish and Wildlife Service 
(FWS) have signed an agreement ex- 
pected to provide improved services to 
the country’s landowners and land and 
water users. The agreement, by NOAA 
Administrator Richard A. Frank and 
FWS Director Lynn A. Greenwalt, es- 
tablishes formal cooperation between 
NOAA’s Marine Advisory Service 
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programs and those of the Fish and 
Wildlife Service, especially in such ac- 
tivities as wetlands research and assis- 
tance to water users. 

Cooperation, according to the 
agreement, will include such areas of 
mutual concern as the preparation of 
educational and research programs, the 
dissemination of information to the 
public, and the exchange of data 
routinely collected by field agents in the 
course of their research. 

A similar agreement was signed late 
last year between the Fish and Wildlife 
Service and the Agriculture Depart- 
ment’s Extension Service. 

Cooperation among the three federal 
agencies is not new. The Fish and 
Wildlife Service has been active in 
working with the Extension Service for 
more than 40 years, and there has been 
considerable cooperation between the 
Marine Advisory Service and Exten- 
sion Service ever since the former was 
created in 1966. 

The creation of the formal agree- 
ment, however, is taken as a salutory 
sign by those concerned with Ameri- 
ca’s water resources. For the first time 
there will be an institutional arrange- 
ment bringing together experts in the 
Fish and Wildlife Service with their 
counterparts in Land and Sea Grant 
universities in the 50 states, Puerto 
Rico, Guam, the Virgin Islands, and 
the District of Columbia. 


Foreign Fish Vessels 
Off U.S. Coastlines 
Decrease in October 

The number of foreign fishing and 
fishing support vessels sighted off U.S. 
coasts in October was 378, a decrease 
of 59 from the 437 sighted in Sep- 
tember, according to preliminary fig- 
ures released by the National Oceanic 
and Atmospheric Administration’s Na- 
tional Marine Fisheries Service, a 
Commerce Department agency. 

The 378 vessels sighted compare 
with the 452 sighted off our coasts in 
October of 1976. The decrease is due 
primarily to the closure of the hake, 
squid, and mackerel fisheries off the 
Atlantic coast. Normal seasonal decline 


in fishing activities and reduction in the 
number of foreign vessels permitted to 
fish within the 200-mile zone also con- 
tributed to the reduction. 

The foreign vessels, from six na- 
tions, were sighted off the coasts of 
New England and the mid-Atlantic 
States, West Coast, and Alaska. The 
largest number, 273, was from Japan, 
which had 272 vessels fishing for 
groundfish and pollock off Alaska, and 
one tuna longliner fishing in the western 
Pacific. The Soviet Union had 75 ves- 
sels: 45 fishing for pollock in Alaskan 
waters, and 30 fishing for hake off the 
Pacific coast. 

A summary of foreign vessels operat- 
ing off U.S. coasts during October 
1977 and October 1976 follows: 


No. of vessels 


Oct. 
Nation 
E. Germany 
Soviet Union 
Poland 
W. Germany 
Spain 
Japan 
Italy 


Area 
New England, 
mid-Atlantic 


Gulf of 
Mexico 


Panama 


Panama 
Japan 
Soviet Union 
S. Korea 
Bulgaria 
Poland 

E. Germany 
Canada 
Taiwan 
Liberia 


West Coast 


en 
SCAOMMROfTOWw 


| 
ia 


Alaska Japan 


S. Korea 
Taiwan 
Soviet Union 
Poland 


Total 


‘Number of Canadian vessels off U.S. shores not 
recorded. 


Foreign vessels sighted off the coasts 
in 1976 were as follows: January-420, 
February-510, March-435, April-560, 
May-924, June-970, July-842, Au- 
gust-543, September-514, October- 
452, November-258, December-240. 
In 1977: January-319, February-314, 
March-180, April-235, May-374, 
June-767, July-786, August-492, 
September-437, and October-378. 
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Foreign Fishery Developments 


Japan Makes Major Change in 
Fisheries Foreign Aid Program 


Japanese foreign aid program in 
fisheries endeavors is implemented 
through several semi-governmental en- 
tities. The Japan Overseas Fisheries 
Cooperation Foundation is one of the 
largest such nonprofit making public 
corporations. The Foundation was es- 
tablished in June 1973 as a result of a 
strong campaign by the Japan Fisheries 
Association. The Association itself has 
a semi-governmental character, al- 
though, it is an industry lobby group, 
representing nearly all segments of the 
Japanese fishing industry, including 
giant corporations and federations of 
small cooperative associations consist- 
ing of artisanal fishermen. 

In July 1972, 5 years before the es- 
tablishment of the U.S. 200-nautical- 
mile fisheries conservation zone, the 





Corral-Grown Bluefin 
Tuna Sold in Japan 


Bluefin tuna raised in a corral 
in southern Japan from baby fish 
weighing less than | kg each 
since 1974, made their first ap- 
pearance for sale at the Tokyo 
Central Wholesale Market on 19 
December 1977. The fish re- 
ceived a favorable rating by the 
buyers for their oil-rich meat and 
flavor. The corral-grown bluefin 
tuna ranged in size from 38 kg to 
77 kg apiece, and were sold at 
prices between ¥3,900/kg and 
¥5,000/kg (US$7.32/Ib-$9.39/ 
lb, at ¥242=US$1), averaging 
¥4,600/kg ($8.64/lb). (Source: 
FFIR No. 78-1.) 











March 1978 


Association drafted a bill to develop a 
measure to counter the effects to be 
created by such extended jurisdictions. 
The bill was never enacted, but several 
of the measures it proposed were forth- 
with implemented. 

Thus, in June 1973, the Japan Over- 
seas Fisheries Cooperation Foundation 
was established. The Foundation has 
been mandated to aid the fisheries of 
foreign nations in which Japanese 
fishermen fish, so that both the coastal 
nations and the Japanese industry 
would benefit. 

The purposes of the Foundation are 
fivefold: 1) To loan low interest, long- 
term funds to Japanese-owned or con- 
trolled fishing companies located over- 
seas. 2) To train Japanese fisheries ex- 
perts for overseas aid assignments. 3) 
To invite foreign fisheries trainees and 
leaders to visit Japan, or to be trained in 
Japan. 4) To aid in bilateral fisheries 
negotiations. 5) To station Japanese 
fisheries experts in coastal nations for 
technical development aid. 

The Foundation has performed all of 
these functions with increasing vigor 
since its inception. Especially notewor- 
thy has been the increase in the amount 
of money placed in low-cost loans. Ini- 
tially, the Foundation’s endowment 
amounted to 200 million yen, 
(US$667,000)', obtained in equal 
amounts from the Government and the 
private industry. At the same time, one 
billion yen (US$3.33 million) of the 
Foreign Ministry budget for FY73 (1 
April 1973 through 31 March 1974) 
was set aside for use by the new aid 
corporation to loan during that fiscal 
year. 


‘According to the 1972 exchange rate. 


During its first 4 years of operation 
(through 31 March 1977) the Founda- 
tion placed 8.49 billion yen (US$35.4 
million) in loans to contractors en- 
gaged in a total of 34 projects around 
the world. In FY 1977 the Foundation 
plans to place 5 billion yen (US$20. 1 
million)? in loans, and in FY 78 alone, 
it plans to grant loans totaling 8 billion 
yen (US$33.3 million). 

Along with this sharp rise in the 
amount of loans placed, a significant 
change is taking place in the Founda- 
tion’s loan management. Until re- 
cently, only Japanese nationals were 
entitled to the low-cost loans from the 
Foundation. But, in October 1977, the 
Foundation decided to place a loan di- 
rectly to the Government of Argentina. 

A consortium of five Japanese fishing 
companies had successfully bid for the 
development of the fisheries in the 
Patagonian region of Argentina. A part 
of the agreement for the development 
was that the consortium would have 
two research vessels constructed ac- 
cording to the Argentinian specifica- 
tions, and would turn them over to 
Argentina. However, the Foundation 
intervened to grant a direct loan to the 
host government for the construction of 
the vessels. In the board meeting of the 
Foundation held on 29 November 
1977, the trustees allowed the Founda- 
tion to loan directly to host countries, 
thus officially introducing a significant 
change in the Foundation’s policies. 
The Japanese fishing industry leaders 
are reportedly very pleased with the 
new direction the Foundation’s aid 
program has taken. (Source: LSD 
78-1.) 


? According to the December 1977 exchange rate. 
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Japan Eases Import Rules 
on Four Fishery Products 


The Japanese Ministry of Agricul- 
ture and Forestry on 14 December 1977 
announced plans to add smoked herring 
and cuttlefish to the list of liberalized 
import items and to lower import tariffs 
on shrimp and herring roe. The liberali- 
zation on smoked herring and cuttlefish 
was expected to take effect early in 
1978. Import tariffs on shrimp dropped 
from the current 5 percent to 4 percent, 
and those on herring roe from 15 per- 
cent to 12 percent, on | April 1978. 

All four items named in the an- 
nouncement represent products for 
which Japan must depend heavily on 
foreign supply. Japan’s domestic pro- 
duction of smoked herring shrank to 
322 tons in 1975 and further to 133 tons 
in 1976 as a result of the total ban of 
Japanese herring fishery in the Soviet 
200-mile zones in the Okhotsk Sea. 
Japan is currently importing about 60 
percent of its demand for cuttlefish from 
Spain, the Canary Islands, and South 
Yemen. Imports of shrimp, the largest 
of all fishery items imported into Japan 
in value, amounted to 126,000 tons 
worth ¥223,100 million (US$921.9 
million, at ¥242=US$1) for 1976, 
and those of herring roe to 12,000 tons 
worth ¥28,900 million (US$119.4 
million) for the same year. This is the 
first time in about 4 years that Japan 
expanded import liberalization to 
fishery products. (Source: FFIR No. 
78-1). 


ROK Claims Canned 
Oyster Export Lead 


The Republic of Korea surpassed 
Japan to become the largest exporting 
country of canned oyster at the end of 
October 1977, announced a source 
close to canned oyster exporters in 
Seoul. South Korea’s exports of canned 
oyster during the first 10 months of 
1977 were worth more than US$1 mil- 
lion, exceeding by more than 50 per- 
cent 1977 export target of $11 million. 

South Korea’s successful expansion 
of canned oyster exports are attributed 
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to the acceptance of the export prices 
and the consequent rise in demand for 
the Republic of Korea products in U.S., 
Australian, and European markets, ac- 
cording to the same source. By country 
of destination, the sale of South Korean 
canned oyster to the end of October 
1977 was: $15 million (target $7 mil- 
lion) to the United States, $1.424 mil- 
lion to Australia, $0.344 million to 
Europe, and $0.833 million to other 
countries. (Source: FFIR No. 78-1.) 


Japan’s 1977 Saury Catch 
More Than Twice 1976 Mark 


Saury landings by the Japanese 
coastal fishery up to 20 November 
1977, reached 230,000 metric tons, 
more than double the comparable 1976 
landings, according to the National As- 
sociation of Saury Fishery. Because of 
the unusually heavy landings of small 
to medium-size fish measuring about 
26 cm in length, the seasonal aver- 
age price to 10 November remained 
low at ¥161/kg ($593/short ton at 
¥246=US$1), down 16 percent 
from the comparable 1976 average 
price. (Source: FFIR 77-16.) 


USSR, Japan Conclude 
Bilateral Fishery Pact 


On 16 December 1977, the Soviet 
Union and Japan signed in Moscow a 
protocol extending the USSR-Japan 
Fisheries Interim Agreement, and es- 
tablished 1978 catch allocations for 
each other, the NMFS Language Ser- 
vices Branch reports. The agreement 
allows the Soviet fishermen to catch 
650,000 t of fish in Japanese 200-mile 
zone, and the Japanese fishermen to 
catch 850,000 t in the Soviet zone. The 
main species in the new Soviet alloca- 
tions are sardine and mackerel, amount- 
ing to 318,000 t or nearly half of their 
total allocations, and the major species 
in the new Japanese allocations is 
Alaska pollock, taking up 40 percent or 
345,000 t of the total Japanese alloca- 
tions. 

Japanese fishermen reportedly 
caught about 550,000 t of Alaska pol- 


lock in the Soviet zone from January 
1977 to the present. The 1978 alloca- 
tion for this species, being 40 percent 
below the actual catch for 1977, will 
necessitate the revocation of 17 
medium trawler permits. Moreover, the 
Japanese crab and shrimp fisheries in 
the Soviet zone experienced similar re- 
ductions of allocations. Some permit 
revocations will be inevitable in these 
fisheries, also. 

Japanese reports emphasize the sig- 
nificance of the 200,000 t difference 
between the two allocations. However, 
Japan has allowed the Soviets to main- 
tain their historic catch level in the 
Japanese zone, but received in return 
only about 50 percent of its own historic 
catch in the Soviet zone. (Source: LSD 
78-1.) 


Fish, Harbor Work Get 
$18.4 Million in Canada 


Canada’s Fisheries and Environ- 
mental Department is spending 
$18,386,000 under the Federal Labor 
Intensive Projects (FLIP) program over 
the first nine months of 1978. This allo- 
cation, third largest among the 15 de- 
partments participating in the program, 
will be spent largely on fisheries man- 
agement and small craft harbors pro- 
jects, with lesser amounts on ocean and 
aquatic sciences and environmental 
management activities. 

Fisheries and Environment Minister 
Roméo LeBlanc said the program will 
provide over 14,000 work-months of 
employment, particularly in the Atlan- 
tic provinces, Quebec, and in western 
Canada. Projects will range from the 
building and repair of fishing and recre- 
ational docking facilities to clerical and 
general labor activities at regional man- 
agement and research centers. 

LeBlanc said departmental FLIP al- 
locations include $17,317,000 for the 
Fisheries and Marine Service— 
comprising $9,978,000 for small craft 
harbors, $6,177,000 for fisheries man- 
agement, and $1,162,000 for ocean and 
aquatic sciences; also $939,000 for En- 
vironmental Management Service and 
$130,000 for Atmospheric Environ- 
ment Service projects. 
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